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Tuts instrument which we have termed 
a hydro-dynamometer is employed to 
measure the velocity at any point of a 
liquid current. It determines directly 
the pressure exerted by the liquid against 
an obstacle to the current. This pressure 
is equilibrated by the torsion of a metal- 
lic rod. A graduated circle is used to 
measure the amplitude of the torsion. 

The instrument consists of a frame 
which is to be placed vertically in the 
stream, and having a height therefore 
equal to the depth of the current. The 
two standards of the frame furnished 
with cross rods AB, ST, UV, XY and 
CD are united at the top in a circle in a 
vertical plane, and support a graduated 
horizontal circle EF. The frame is 
movable about its axis; to insure this it 
is hung upon a pivot at G which is 
attached to an arm GI extending from 
the tube KL. This tube is held by a 
clamp screw to the staff MN. Other 
horizontal arms parallel to GI are fixed 
to the tube and serve as guides to the 
axis GR. 

This rod at the axis 
spring of the instrument. 
drical rod Rz of small diameter, set at R 
upon the lower cross bar and passing 
freely through the upper bars XY, UV, 
etc., of the frame as well as the graduated 
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is the torsion) 
It is a cylin- | 


circle EF, and terminates at z above the 
circle by a horizontal needle whose ex- 
tremity passes over the divisions of the 
circle when the rod is twisted by torsion. 
The supporting arm G which holds on 
its upper face the point of the pivot apon 
which the frame turns, is furnished on 
the lower side with a little hollow 
cylinder, in which the upright torsion 
rod terminates. This little cylinder 
is furnished with a clamp screw with 
which to regulate the bearing of the rod 
RZ. 

The force to be measured is received 
by a little disk a, Fig. 3, which is fixed 
in the plane of the frame. 

In order to observe the velocities at 
different depths it is necessary to bring 
the disk to each point. To accomplish 
this the staff MN must have sufficient 
length to permit the tube to traverse a 
distance equal to the depth. To ob- 
serve therefore surface velocities con- 
veniently, the disk and arm may be at- 
tached to a higher part of the rod. 

To use the instrument, set the staff in 
the bottom of the stream to be measured, 
and bring the tube to proper height. 
Bring the arms which support the rod 
parallel with the current and on the up- 
stream side of the tube, (see Figs. 2, 3 
and 4). 
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The disk presents its edge to the|It varies between limits more or less 
stream, and the rod experiences no tor-| widely removed. These variations prob- 
The needle points to-0 of the/ ably follow the law of a periodic function 
of the time. It is furthermore noticed 
| that these limits are wider as the velocity 
|is greater. The result is, the needle 
|oscillates continually. It is difficult to 
measure the limits of these oscillations 
'with the eye. To remedy this difficulty, 
|a screw 6 is fixed to the upper end of 
the rod, and the plane of the frame is 
brought to its position with reference to 
the current. The needle is thus held in 
|a fixed position, while the frame oscil- 
by hand, so as to bring the plane of the | lates about its axis. The hands of the 
frame and disk to be perpendicular | observer are left free and the motions of 
to the direction of the current. This is| the graduated are can be observed with 
done only by calling into action the tor-| a reading glass, and the extreme limits 
sion spring. The amplitude of the tor-| of vibration noted. The mean of the 


sion is then measured by the scale. two extreme angles is taken as the one 
| measuring the torsion due to the current. 


“] Fig.2. | The mean position of the needle thus 

observed is free from errors arising from 

friction. For suppose OA, (Fig. 1) to 

be this position, and OB the position of 

the needle when the velocity of the water 

is a maximum, then the pressure of tlic 

i : water is greater than the tension of the 
Observation proves that the velocity | spring by a quantity equal to the friction. 


sion. 
graduated scale. 
Fig.t. 


It is necessary to adjust the instrument 


of the water at any point is not constant.| As the velocity decreases the needle 


| 
Fig.4. ] 





recedes from OB to OC, and in this lat- | greater than the pressure of the current 
ter position the tension of the spring is by a quantity equal to the position. 
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The mean angle therefore corresponding | 
to the position OA will give a measure | 


of the torsion free from friction. 


| 

Another source of error is eliminated | 
by the mean reading, for instance, if| 
equilibrium is established between the | 
pressure of the current and the tension | 
of the spring, augmented by friction, | (2) K= 
when the needle is in the position OB; | 


then by virtue of the acquired velocity 
it should move beyond this limit. If OB 
is the extreme limit of the oscillation, 
then equilibrium between these forces 


really exists for some other point nearer | 
OA or Ob. On the other side for similar | 
reason the equilibrium exists for some) 


point asOc. In the positions Ob and Oc, 
the velocities and consequently the living 
forces may be supposed equal by reason 
of the probable symmetry of the oscilla- 
tions; so the angles COc and BO+# are) 
equal, and the mean of OB and OC is 
also the mean of O/ and Oc. 


The theory of the instrument is given 
as follows: 


Let 7 be the radius of the rod which 
serves as a torsion spring, 7 the length 
of this rod from its extremity at the 
lower cross-bar to the center of the 
needle at z (Fig. 3); @ the angle of tor- 
sion of this rod, that is to say the angle 
of rotation of its section at the level of 
the needle, relative to its lower fixed sec- | 
tion. 

The molecular forces developed in the 
metal by this torsion form a couple, of 
which the moment M is given by the 
following equation: 

(1) ‘=a 
i GI 


in which G is the coefficient of elasticity | 
of torsion and I is the moment of inertia 
(polar) of the section of the rod. This} 
moment referred to an axis perpendicular | 
to the plane of the section at its center, | 
the section being circular is | 
4 
I=“. 


9° 


Let R be the radius of the disk, d its, 
lever arm, measured from its center to, 
the center of the rod. | 

The pressure of the water which is| 
supposed proportional to the area of the | 
disc and to the square of the velocity of | 
the water is | 





, qrl.000 
F=K— oR’v’. 

2y 

K is a constant coefficient. This force 
being equated with M gives 


M=Fb 
. 1.000 
—— 


whence 
a 
r 


The only variables are a and v. The 
relation between them is expressed , 


oR?y'J=GI 


y v=e a/ a. 


The coefficient ¢ is determined by ex- 
periment. Such values are to be com- 
pared with the theoretic value deduced 
from eq. 3. This is 

1.000Klors RY” 1,000K% 

In the first instrument made + was 
made=0.0015, =2 meters. The spring 
was of brass. The value of 6 was known 
for copper only. Claudel (L’Aide Me- 
moire) gives for this metal G=4.3666 
+10°. 

For a value of a=1° equation 1 gives 
M=0.000305 kilogrammeter. By using 
monogrammeter for a unit of measure 
we have M=0.305 grammeters. 

By bringing the instrument toa horizon- 
tal position, and placing known weights 
on the extremity of the arm, it has been 
found that a torsion of one degree 
corresponds to a moment of 0.264 gram- 
meters. But the angle of torsion as ob- 
served above must be proportional to 
the moment of the couple producing it. 
It appears therefore that for the brass 


| torsion rod of this Hydro-dynamometer 


G=8.77 «. 10". 

Introducing this value in equation (3), 
making 

7==0.0015, g=9.81, = 2.00 

0.097 
4/ KbR? 

The instrument is furnished with 
three dises of different sizes and with 
diffetent lever arms; as follows: 


we shall have «= 


R—0.010 b=0.05 
+= 0.032 


t= 0.064 


4—0.10 
4=0.20 


These give for 6R* the values respective! y 


0.0000128, 0.0001024, 0.000819. 


sy 
. 


agesFy 3 


es a 
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The three corresponding values of ¢ are: | the surface of the cylindrical rod. This 


2.7 90.96 ( _ 0.34 
VK * VK ~* WK 
With the smallest disc we get 
2.7 ; 
v=- ==r/a re 
/ K 
Taking a equal to the are of one de- 
gree=-0.0174 we have 
0.354 
V=— 


0 


Osx 


AK 
With the second disc we should have 
for the same torsion angle. 
_ 0.121 
' WK 
and with the third disc 
0.442 
o,.>= a 
VK 

The coefficient K for a thin circular) 
plate is found to be equal to 1.12. The} 
values of velocity then become, for a 
torsion of one degree 

v,=0.335 v,=0.115 v,=—0.042 

For an angle of torsion of a degree | 
these values above must be multiplied | 
by V/a°. 

This angle of torsion ought not to 
exceed 90°, the limit of elasticity of the 
metal about 0.00135; the greatest rela- | 
tive displacement of the molecules is at | 


v 


: r . : 
is equal to = at all points of this sur- 


face and this may be, at most only equal 
to 0.00135. Then a=180. 

This length of are corresponds to 
about 104°. We may then safely employ 
the instrument with a torsion of 90°. 
The velocity of current measured, there- 
fore, should not be greater than 0.333 


'4/90 or about three meters with the 


smaller disc, 1.09 meters with the second 
and 0.40 with the larger one. 
In a series of observations made on 


|the surface current of a canal, whose 
velocity had been determined by floats, 


it was found that the smaller disc gave a 
result higher than that of the formula in 
the ratio of 1.12 to 1. The coefficient K 


| taken equal to 1.12 should be made equal 


to 1.12 x 1.12°=1.40. 
Experiments upon the velocities in a 
canal at Hers are in progress to determ- 


|ine more exactly the value of K for each 
| of the dises. 


The instrument doubtless permits the 
accurate measure of the pressure exerted 
by a current of water at a moment that 
it has a given velocity, and solves there- 


fore the problem of the measure of the 


velocity of curents, either by direct ap- 
plication of the formula v=mv/a or by 
aid of an empirical table if m proves not 
to be a constant quantity. 


THE HISTORY AND THEORETICAL LAWS OF CENTRIFUGAL 


PUMPS, AS SUPPORTED BY 


EXPERIMENT, AND THEIR 


APPLICATION TO THEIR DESIGN. 


By THE Hon. R. CLERE 


PARSONS, B.A., B.C. E. 


‘ From Proceedings of the Institution of Civil Engineers. 


CENTRIFUGAL pumps are by no means 
a modern invention; the crude idea of 
which probably dates as far back as the 
middle of the last century, when the 
mathematician Euler brought out a 
primitive form of centrifugal pump, an 
account of which he published in the 
Proceedings of the Academy of Berlin 
for 1754. ‘This pump is referred to by 
M. Combes, the eminent French engi- 
neer, and also its theory, as deduced by 


Euler; but, as it has never come into 
practical use, it has probably failed, like 
most of the mechanical inventions of 
that great mathematician. From that 
period many rotatory and_ centrifugal 
pumps were invented, principally by 
French engineers, but none of them 
seems to have yielded even a reasonably 
good efficiency. The first mention of a 
centrifugal pump at all to be compared 
to those of the present day is in the year 
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1830, when one was erected by Mr. | C.E., of the firm of Messrs. Eastons and 
McCarty in the Naval Yard at New Anderson, deputed the Author, in com- 
York, and some improvements upon this | pany with Mr. Hesketh, Stud. Inst. C. E., 
machine were patented by him in the| to make some experiments upon centrifu- 
following year. No experiments upon / gal pumps, both with a view to determ- 
this pump seem to have been published, ine the laws which regulate their dis- 


consequently it is uncertain whether it | 


yielded a good efficiency. The next 
epoch in the history of the centrifugal 
pump is the Exhibition of the year 1851, 


when the late Mr. Appold achieved the, 
great success with his pump of:trebling | 
the efficiency obtained by any other ex- | 
Mr. Appold, by making numer- | 
ous experiments, at length determined | 


hibitor. 


that the efficiency mainly depended upon 
the form of the blades in the fan, and, 
further, that the best form was a curved 
blade pointing in the opposite direction 
to that in which the fan revolved (Fig. 
1). Two other forms of fan which he 


Fig.!. 


tried were, one with straight radial 
blades, and another with straight blades 


Fig.3. 


A Pa, 


\ 


“iu \_ i d 


charge, and at same time, if possible, to 
improve their efficiency. The first ex- 
periments were made upon a pump 
whose suction and discharge pipes were 
ten inches in diameter. The fan was 
fourteen inches in diameter, and the cas- 
ing surrounding the fan was circular, as 
‘is shown in Figs. 4, 5. 


/ 
\ / 


x 


inclined at an angle of 45° to the circum- | 


ference (Figs. 2, 3). Both these fans 


yielded efficiencies far inferior to the one | 


with curved blades. 


Fig.2. 


Another detail which effects the efli- 
ciency, but not to the same extent as the 
form of the blades of the fan, is the form 

‘ of the casing surrounding the fan. The 


old theory which Morin, Appold, and | 


many others held, and which is still 
advocated in some recent books, viz., 
that as long as the casing outside the 
fan is large enough it is immaterial of 


what shape it is, can be proved to be| 


false both by theory and experiment. 
In January 1875 Mr. Anderson, M. Inst. 


This pump was driven‘by a single-act- 
ing engine working directly on to the 
shaft of the pump. The water was 
raised by the pump from a large cast- 
iron tank, and discharged back into it 
through a measuring tank. In the bot- 
| tom of the measuring tank was a hole in 
'a thin sheet-iron plate, and by the head 


: 
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of water maintained over this hole the | same height as the water issuing from 
discharge was calculated by the formula/ the discharge-pipe. The engine was sup- 
Q=0.62 x AX 4/2gh cubic ft. per second; plied with steam from a portable boiler, 
, ran * AP II }into which the feed-water was injected 
ae a eee ee byahand-pump. During an experiment 
h=head of water in ft. over hole. | the speed of the engine was regulated 
The revolutions per minute of the fan| by an observer, so as to maintain a con- 
were measured by a counter attached to|Stant head of water in the measuring 
the shaft, and the lift was determined | tank, and consequently insuring a uniform 
by means of a staff fastened to a float in| discharge from the pump. An experi- 
the lower tank. The staff was graduated | ment was continued until thirty gallons 
in feet and decimals of a foot, and was |°f water were evaporated in the boiler, 
applied to a water-gauge glass connected | and the time required to accomplish this 
with the discharge-pipe. In order to| Was accurately noted. Then the number 
take account of the residual velocity of | 0f lbs. of water raised by the pump per 
the water in the discharge-pipe in esti-| minute, divided by the number of lbs. 
mating the lift, the tube with which the |0f water evaporated in the boiler per 
water-gauge was connected had a bend | ™inute, is proportional to the efficiency 
whose extremity met the water flowing |0f the pump. These experiments were 
in the discharge-pipe; consequently the|Tepeated for different discharges, and 
water in the gauge-glass stood at the | tabulated in the following form: 





TABLE 1. 


Gallons | | Foot-lbs. | — Revolutions 
discharged |Lift in Feet raised per |}, of Water per Remarks. 
per Minute. | Minute. evaporated Minute. 





as 5.667 oe _ 305 
745 6.000 | 44,886 7,779 | 365 
87 6.250 | 54,937 8,24 380 
989 6.666 65,936 | 11,8 


casing. 


| ,244 
,883 393 
1,158 7.000 | 80,710 11,385 | 416 


| Appold’s fan in circular 
t 





The casing round the fan was next| was now made under circumstances re- 
altered from the circular to the spiral |sembling the former set as much as possi- 
form, as is indicated by the dotted lines| ble. The following are the results, tabu- 
in Fig. 4, by fitting wooden blocks in- | lated in a similar form: 
side; and a fresh series of experiments 


TABLE 2. 


| 

Gallons | Foot-Ibs. a | Revolutions | 

discharged |Lift in Feet.| raised per —, _ per | Remarks. 
er Minute Minute Ib. of Water Minute 

a minute. | evaporated. tool 
ae 5.750 as a 320 \Rankine’s fan in spiral casing. 
577 6.500 37,505 8,960 346 
746 6.925 51,600 10,809 363 
878 6.750 59,265 11,264 368 
999 | 7.085 70,029 12,088 387 

1,150 | 7.750 89,125 13,248 403 

1,288 | 8.333 107,329 |. 15,996 423 











Thus, by comparing the first and | the efficiency, and also increased the dis- 
second tables, it will be noticed how | charge, the boiler pressure remaining the 
greatly the spiral casing has improvedisame. With the same casing, but 








another fan, designed on the principles 
laid down by Rankine in his “ Applied 
Mechanics,” and also advocated by 
Glynn in his treatise on Water Power, 
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some experiments were made similar to 
the preceding ones. 

The following tables show the results 
of these experiments: 


Gallons 
discharged 
per Minute. 


578 
741 
880 
993 


{ 


Lift in Feet. 
} 


raised per | 


TABLE 3. 


| 

Foot-lbs. | , 
Foot-lbs. raised per | Revolutions 
Ib. of Water! 
| evaporated. | 


Remarks. 


er 
Minute. Minute. 





or 


ODS or 











Gallons 
discharged 
per Minute. 


| 


Foot-lbs. | 
in Feet.| raised per 


\Lift 


| 
| } 


300 


Rankine’s fan in circular 
ei casing. 

34,200 

45,695 
55,733 
65,372 


“aes cnto 


— 
Saar, 
IAS 





TABLE 


| Foot lbs. | Revolutions 
raised per | per 
Ib. of Water} F 

evaporated. | Minute. 


Remarks. 
Minute. 





580 
743 
879 
996 


5.416 
6.33% 

6.667 
7.000 


7.333 


300 Rankine’s fan in spiral casing. 
324 
334 
343 
353 


9,675 
10,857 
11,692 


36,731 
49,528 
61,530 
73,036 | 





| 
12,954 | 





t 





These results prove that Rankine’s fan;as far as possible, to insure a constant 


is far inferior to that of Appold. 


length, from the center outwards, similar 
to those of Appold; but for the remain- 
ing half of their length they curved for- 
wards in the direction in which the fan 
revolves, and ended in radial tips (Fig. 
6). This method of estimating the 


Fig.6. 


efficiency of a pump is by no means an 
accurate‘one; but in altering a pump it 
is a convenient way of determining 
whether the alteration has proved a suc- 
cess or the reverse. 

A new casing was now designed, of a 
spiral form (Fig. 7), and a fresh series of 
experiments undertaken. These experi- 
ments were of a much more elaborate 
nature than those just described, and as 
it may make the deductions from them 
more easily understood, their general 
arrangement willbe described. In order, 


The | 
blades of this fan were for half their! 





lift, the pump was supported on the side 
of a large barge, and the engine for the 
purpose of driving it was placed in the 
bottom. The power transmitted to the 
pump was estimated by the dynamome- 





Scale u th. 


ter used by Messrs. Eastons and Ander- 
son at the Royal Agricultural Society’s 
shows. The method of measuring the 
amount of water raised by the pump 
described in the former experiments was 
repeated in this instance; the water 
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being raised from the Thames, in which|as shown by two gauge-glasses. The 
the barge was floating, and discharged | revolutions of the pump were indicated 
back into it through the measuring tank. | by a counter attached to the pump-shaft. 
The lift was measured by taking the! A number of experiments were made 
difference of the levels of the water in| upon this pump, and the results tabulated 
the river and that in the discharge-pipe, | as follows: 


TABLE 5. 


Gallons of 
Water | pitt in | Footdbs. | POetips 
discharged | “Fret. raised per per 


Salento Minute. Minute. 


1,012 
1,108 


Revolutions Efficiency | Corrected 
per on Guad | Efficiency 
Minute. P * | per Cent. 





14.67 | 148,461 | 298,438 392 49.74 | 58.57 
14.70 | 162,875 | 317,158 394 51.35 59.99 


14. 188,160 | 843,754 398 54.74 62.99 
14.7 199,128 | 357,194 899 55.75 | 63.78 
14.75 211,073 | 374,954 400 56.20 63.95 

220,650 888,897 402 | 56.69 64.16 


1,280 
1,350 
1,431 
1,501 
1,568 | 231,280 404,737 403 57. 64.29 
1,630 - 80 241,240 409,612 404 | 658. | 66.19 
1,695 vt 251,987 419,790 | 405 ; 67.18 
1,753 8 259,450 435,630 406 59. | 66.39 








DIS Clim oto 


1,197 14.65 175,364 382,136 395 52.80 | 61.08 








47.53 | 54.06 
48. 55. 
51. | 87.38 
53. | §9.51 
53.938 | 60.1! 
53 . 6 | 61. 
56.7 62. 
57.8 63. 
59. 7$ 65. 
61.: 

62.43 


a 


1,012 : 176,088 370,458 
1,108 } a | 190,576 388,316 
1,197 2 205,884 404,156 
1,280 f 221,440 417,214 
1,350 | a 233,550 433,054 
1,431 } , 248,994 447,552 
261,174 460,512 
471,552 

286,880 479,810 
298,310 486,050 
308,528 494,210 
119,517 238,603 | — | 60.09 
141,246 268,970 | = | §2.51 
159,681 297,829 = | 658.61 
177,568 821,918 ~ | 55.16 
194,196 | 341,127 ! a 1 §=§6.98 
210,360 357,007 a 58.92 
250,175 416,957 ot 60.00 
278,881 463,268 i | 60.13 
309,604 503,759 i | 61.46 
336,500 553,346 a 60.80 


373,867 | 583,870 | és | 64.04 


B95 BD VO BW 2 


He pe ee ee ee 
CW & Ce 
Se Ol hm C9 0D = OS DH 3 CI 


Cow 

















Some experiments upon a vertical-| wrought-iron tube both performs the 
spindle centrifugal pump will now be | office of a discharge-pipe, and also serves 
described. }as a support for the bearings of the 

The shaft or spindle in these pumps is| vertical shaft. Above the fan, and 
vertical, as is shown in Fig. 8, and the! attached to the casing, are six guide- 
fan revolves in a horizontal plane. Out-/| blades, shown in section in Fig. 10 and 
side the fan is a circular casing attached | dotted lines in Fig. 8, which receive the 
to the bottom of a wrought-iron tube. | water escaping from the fan with a high 
The water enters the fan on one side | tangential velocity, and conduct it up 
only—in this case below—and is dis-| the verticaltube. In order to render the 
charged into the casing; from thence it | explanation of this pump more lucid the 
is carried in the wrought-iron tube to| working parts of the fan are shown in 
the height required, and is discharged | black when they occur in section, whilst 
through the orifice in the side. The!the stationary parts of the case are in- 
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Fig. 6. The pump was placed on the 
side of the barge in the same position as 
the pump last described, and the experi- 
ments were carried out in an exactly 
similar manner, and the results obtained 
are tabulated as follows: 


(See Table on following page.) 


SSS 


These experiments also show the great 
superiority of Appold’s fan over that 
proposed by Rankine. 

The dynamical forces, produced i in the 
centrifugal pump when it is in motion, 
will now be considered; and afterwards 
it will be shown how the theoretical in- 
vestigations are supported by the experi- 
ments. 





Seewewnnn wen ween 











Fig.10- 


There are two totally different condi- 
tions in which a centrifugal pump may 
| be situated while it is rotating. One in 
which it is revolving just fast enough to 
raise the water up to the discharge-pipe, 
and no further; and another in which it 
is revolving slightly faster, and discharg- 
ing water out of this pipe. In the first 
case there is only centrifugal force, 

| which is produced by the water in the 
'fan rotating, that maintains the column 
lof water in the discharge-pipe. In the 
isecond case this force is still produced, 
| but in addition to it another, which may 
| be called the force of impact, or in other 
dicated in the ordinary way. In this | words, the force with which the blades 
form of pump the vertical pressure upon |of the fan impinge against the water dis- 
the fan arising from the column of water | charged by the pump. 
over it is entirely removed: jf are two | The cen itrifugal force in the first case 
holes, one inch in diameter, in the top of | may be cale ulated as follows: — Assuming 
the fan, which admit the water into the | that the fan is a cylinder of water; every 
space between the support of the center | particle of this water as it rotates exerts 
bearing and the fan, and consequently | 











|a force outwards from the center; conse- 
the pressures on both sides of the fan | quently the force exerted at the circum- 
are equalised. The Appold fan, used in|ference, or that which maintains the 
the experiments upon this pump, isshown |head in the discharge-pipe, is the sum 
in Fig. 9, and the one made upon Ran- |of the forces of all the particles from the 


kine’s principle was similar to that in!center of the fan to the circumference. 
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TABLE 6. 





No. | Gallons 
of | discharged 
Experi- | per 
ment. | Minute. 


Foot-lbs. 
raised per | 
Minute. 


Lift 
in 
Feet. 


| Foot-lbs. 
indicated 


Minute. 








Revolu- 
tions 
per 
Minute. 


Efficiency 
per 
Cent. 


Remarks. 
er 








3,079 249,399 
3,343 
3,578 6 
3,811 2 
4,252 a 
4,437 
4,634 
4,810 
5,074 
3,079 
3,343 
3,578 
3,821 
4,042 
4,252 


8.1 


289,818 
309,501 
844,412 
359,397 
375,354 
389,610 
360,254 
190,898 
207,266 
221,836 
236,902 
250,604 
263,624 
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This force is given in lbs. per square 
inch by the formula 

r= free (2 

“~- 9 : 


Integrating this expression 

pR? w* 

i : (3) 
“9 


p=weight in lbs. of a column of water 
one square inch in section and 1 
ft. long. 


F= 


R=radius of fan in feet. 
#=angular velocity of fan. 
g=dynamical force of gravity. 
Now since Rw=v, where v=velocity 
of circumference of fan. 
By replacing R*w’ by v* in equation 3 
it becomes 
_ pv’ 
~ 2g 


; . (4) 

Now supposing that the head sup- 
ported by the fan, while it is rotating 
with a tangential velocity v, be A, then 
the pressure at the base of the column is 
ph, but by the ordinary formula of dy- 
namics 

v* 


h 


therefore 


phate yw. ~. ag 


Thus by equations 4 and 5, 


559,600 
76,460 
617,850 
674,600 
729,900 
766,830 
745,830 
795,700 
777,050 
503,000 
554,500 
578,000 
610,750 
656,750 
680,600 


270,783 5 


evidently the case. 
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-Appold’s fan. 
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. Rankine’s fan. 
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F=ph. 

Therefore a fan, when rotating, will 
support a column of water the velocity 
due to whose height is equal to the 
tangential velocity of the circumference 
of the fan. This conclusion is fully 
borne out by the experiments, when 
corrections are made for the axle of the 
pump displacing a small quantity of 
water, and thus reducing to a slight ex- 
tent the centrifugal force. In the case 
of the vertical-spindle pump (Fig. 8), a 
large correction has to be made in con- 
sequence of there heing fixed ribs to 
support the lower bearing of the vertical 
shaft, and these, preventing the water 
contained between them from rotating, 
reduce the centrifugal force to a great 
extent. 

In the second case, in which the pump 
is supposed to be discharging water, the 
calculation of the centrifugal force is a 
much more complicated process than in 
the previous instance. Assuming that 
the blades of the fan are involutes of a 
circle whose radius is s (Fig 1), and p be 
the radius of curvature of the involute 
at any point whose distance from the 
center of the fan is r. Assuming also 
that a particle of water moves ina curve 
similar to that of the blades—which is 
Then calling v the 
velocity of the water through the fan 
relatively to it, and its angular veloc- 
ity, the linear velocity of a particle of 
water is given by the formula 


V=rw—veos.0 . 
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6 being the angle indicated on the Fig.,| lbs. per square inch. The second force 
p exerted in this case is the force of im- 
=o O=~. pact. It is estimated by the maximum 
tangential velocity generated in the 
Fig. fl. \ |water passing through the fan, which 
‘takes place just as it is escaping at the 
| circumference. The reason advanced 
|for the assertion that this force can be 
|estimated by the tangential velocity pro- 
| duced, is that no other force can produce 
this velocity. Thecentrifugal force just 
‘caleulated can only produce a radial 
|force or a radial velocity, but can in no 
case produce a tangential force or a 
tangential velocity. This latter force 
'can only be made use of by gradually re- 
| ducing the velocity of the water issuing 
sf {from the fan, and this condition is 
Substituting for cos. 6 its value, then _| effected by the spiral casing and conical 
“ p _, |discharge-pipe, which will be referred to 
\ =—re—-U- - + (7) | presently, and can be easily calculated 
ce , by multiplying v by cosine 6’, the angle 
Now the centrifugal force of a particle | made by the blade of the fan at its outer 
at the distance + from the center, and | extremity, with the tangent to the fan; 
moving with the velocity V, is ‘and subtracting this from V, the velocity 
p_Pve It ™ of the circumference, the absolute tan- 
a moe + + (8) gential velocity of the water leaving the 
Putting in for V its value in equation 6 | fan is obtained, vis: 
sages a v’=V’—v cos. 0’ . . (14) 


F=Po(rw— v8) dr . . (9)|The head then due to this velocity is 
g r given by the formula 
Now calling R and R’ the external and , 
internal radii of the fan, and integrating =; » + « (15) 


expression 9 be ose limit: = : , 
I between these limite, This, in other words, is the height that 


: : ‘ the water would rise, supposing that 
F=f / (r*—voX)dr . (10) /| there was no friction to impede it. Now 
g | the centrifugal force has been estimated 
but pax c/o": |in Ibs. per square inch; but by dividing 
ola... ilpeps. 3 di it by 0.434 it is reduced to feet head of 
substituting this in the last expression, | water. Then by adding these two heads 
R om | together the theoretical height to which 
F=f f (rot vot fs _*)dr (11) the pump lifts the water is obtained, i.e., 
gy 7” | > ” 
: H+H=—+~ .. (16) 
Expanding the second term, — ] 


R’ 


- 2 me 1s? Let This theoretical lift is always greater 
F= J? ro*— vol 1— =—-— t (12) | than that deduced by experiment, and it 

yw A or Sr) is only in a perfect pump that these two 
r—? 1 ‘lifts would coincide. Consequently, if 


9g po her 
ie , , 1\) | retical lift, and the result multiplied by 
\ 1 ( a\} . " . fej . 
(a-) +338 (s— pa) ‘) . (13) 100, the percentage efficiency of the 
4 “ ¥ pump is obtained. 
which is the whole centrifugal force ex- These calculations are worked out for 
erted at the circumference of the fan in| the last series of experiments upon the 
oe ——— ; : | spiral-cased Appold pump, and the results 
This expression is not strictly correct, but is a near | } 
approximation. tabulated as follows: 


R*—R” 2 \ pr 2 
oes R—-f +58 the practical lift be divided by the theo- 
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TABLE 7. 





pact, 


Head by Experi- 


vt. 
Hy. 


Fan, 
ment, Hy). 


| 
| 


in Feet Head, H. 
Impact, 
Rw — vcos. 9’, 


Head due to Im 


=] 
4 


No. of Experiment 
Velocity due to | 


Velocity through 


Centrifugal force 


| } | 
| | 
04 | 1,684 699 | 35. 67 | 23.82 | 
1.24| 1/701 55 | 88.8 70 | 22.96 | 
.85| 1,710 41. 65 | 22.79 | 
.67| 1,736 45. 70 | 22. 
-77| 1,745 0| 47. 75 | 22. 
-88| 1,744 5} 51. 331.% 75 | 22. 
-08| 1,771 | 53. 332.83 | 10.32 | 28.065 | 12.¢ 70 | 22.65 
19} 1,780 2| 55.82) 382.18 | 27.8 , 75 | 2 
-30| 1,789 9|58.21| 331.7 -882 | 12.14 | 14.80} 
.40| 1,798 60.38! 331.62 | 10.28 | 27.78 2. 4.75 | 22.35} 66.25 
1,806 673 | 62.86| 330.84 | 10.26 | 27. 99 | 14.80 | 22.25) 66.5 
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699 | 37. 
955 | 41. 
192 | 45. 
413 | 48. ¢ 
600! 51. 
816 | 54.45 380. 
57. : | 80. 
59.99} 388. 2. 80.35 
62.54! 887.66 .21 | 30.27 
65. 387. 2.19] 30. 
30. 


.40 .47| 63. 

-20 | 27.34) 63.36 
.20 27.16) 63.3: 
.80 -01| 63.6 
.30 | 26. 64. 

.40 26.75) 65.0: 
.40 3. Te 65.08 
.40 26. 65.3% 
.60 | 26.53 | 66.33 
.60 26.37) 66.7 
.60 | 26.33) 66. 
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2,074 | 452. 
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By comparing this with Table 5, it|a centrifugal pump theoretically may 
will be noticed that the theoretical ef-| here be mentioned. Since the efficiency 
ficiencies are considerably higher than|is the lift as measured by experiment 
those deduced by experiment. This is| divided by that deduced by calculation, 
owing to the friction of the bearings of|the more the latter can be reduced re- 
the pump and of the strap by which it) latively to the former the greater is the 
is driven; a small amount is also due to| efficiency of the pump. 
the outer sides and edges of the fan} The first principle to be attended to in 
revolving in the water, not having been | effecting this conditionis to avoid giving 
subtracted from the power indicated by | sudden shocks to the water, a principle 
the dynamometer. Some experiments| which is ably discussed by M. Combes. 
were afterwards made in order to determ- | This is done in the fan by designing the 
ine this friction, and it was found to! blades so as to enter the water in a 
amount to about 4,500 foot-lbs. per} direction tangential to their surface at 
minute. The second column of efficien-| their inner edges; and at the same time 
cies in Table 5 is obtained by making | having their outer edges so as to leave 
the correction. | the water moving in a direction as nearly 

The slight discrepancies that are now | as possible tangential to the circumfer- 
found to exist between the theoretical | ence of the fan. 
and experimental methods of determin- | The internal angles vary both with 
ing the efficiencies are within the limits! the lift and discharge with which the 
of observation, or the experiments to| pump is intended to work, and their 
determine the loss by friction were not | value can be found in the following way: 
made at the same time, or with the same | Assuming, as before, that their form is 
pump as those tabulated above. | an involute of a circle, which is the best 

Some of the practical advantages of | curve in consequence of its property of 
being able to calculate the efficiency of' allowing a constant area of passage be- 
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tween the successive blades, and thus 


|calculated from the required discharge. 


admitting of no change of velocity in|The best velocity for the water to flow 


the water whilst traversing the fan: 

Let R=external radius of fan; 
r=internal radius of fan; 
w=angular velocity of fan; 
s=radius of generating circle of 

involute blades; 


v=velocity of water through the | 
per | 


passages of fan in feet 


second; 


v’=radial velocity of water entering | 


the blades; 

V’'=re=tangential velocity of the 
internal circumference of fan in 
feet per second; 

A=angle made by the blades with 
the internal circumference of 
the fan. 

Fig.12. 


> 


Then referring to Fig. 12. 


and the condition that the blades should 
enter the water tangentically is evi- 
dently 


v’ 
tan 0 ==; 
\ 
Eliminating 0 between equations 17 and 
18, an equation is obtained for determin- 
ing s, Viz, 


(18) 


, 
ur 


VV" +0" 


s&= 


ee (19) 


If then the blades of the fan be de-'! 


scribed with a generating circle, having 
a radius equal to that given by the pre- 
ceding formula, they will cut the water 
in a tangential direction. 
involves, first, the radical velocity of the 
water entering the fan, which is easily 


}half the external. 
| velocity of the interral periphery of the 
| fan. 
| formule : 


This formula | 


|through the passages of a fan is from 


six to eight feet per second. Next, the 
internal radius, which is generally made 
And, lastly, the 


This is given by the following 


V = rw 


ox 9. h 
R 


(20) 
ORs « » « AD 


A general equation which unites all 


\the variables in a centrifugal pump will 
|now be considered. Assuming at present 
| that the pump has a spiral case, and that 


|its mean theoretical efticiency be 64 per 
|cent., as it was found to be by experi- 
ment, then the lift under which the 
|pump is to work must be this percent- 
|age of the theoretical lift. Putting this 
icondition into symbols, in the general 
| equation 


R? 


p | 
q+ .434 | 


_ 
| Lift = 0.64 { 


“i +))) ,;e-2 

R 7 zg 

ut V= Roe, 

Substituting this in equation 22, an 
equation is found involving R, o, v, and 
| lift, any three of which being known, the 
|fourth can be determined. This equation 
lis of great practical value; for if, for in- 
stance, it is required to be known how 
fast a pump of given dimensions ought 
to be driven, so as to deliver a given 
|quantity of water at a given lift, it is 
only necessary to put in the given di- 
mensions, the discharge required, and the 
lift, and to solve the quadratic equation 
for #, which gives the angular velocity 
at once. The general equation is appli- 
cable to all centrifugal pumps, but the 
theoretical efficiency of each kind imust 
be determined before it is introduced 
into this equation, if great accuracy is 
required ; but for all practical purposes 
the co-efficients 0.60 or 0.64 are suf- 
ciently accurate. 

The next thing to be borne in mind is 
to proportion the passages throughout 
‘the pump, so as to have a gradually in- 
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creasing wahnaley in the water until it 
arrives at the circumference of the fan, 
and then to have a gradually decreasing 
velocity until it issues from the dis- 
charge-pipe. This condition is effected 
by having a conical end to the suction- 
pipe; and what is much more important 
is to have a spiral casing surrounding 
the fan. The importance of the last de- 
tail is shown most conclusively by the 
first series of experiments with the circu- 
lar and spiral cases. 

The form of the casing should be an 
Archimedian spiral, which has the pro- 
perty that the water flowing round the 
vase moves with the same velocity as 
that issuing from the fan. The casing 
should then gradually open out into the 
discharge-pipe, and, if practicable, a 
conical adjutage should be added, simi- 
lar to those described by Rettinger. 

The same conditions are as nearly 
possible fulfilled in the vertical-spindle 
pump previously described. Below the 
tan is a conical opening which produces 
a gradually increasing velocity in the 
water entering the fan. The water 
escaping from the fan gradually 


as 


is 


turned into an upward direction by the 
guide-blades over the fan, and is at the 
same time checked in its velocity in con- 
sequence of the apertures between the 
guide-blades being smaller near the fan 
than above. 

The vertical-spindle pump was the 


first tried without any guide-blades 
over the fan, and the maximum 
charge obtained with an 8 HP. engine 
was 1,500 gallons per minute. Six 
guide-blades, similar to those in Figs. 8 
and 10, were then put in, and the maxi- 
mum discharge, with the same engine 
and same boiler pressure, amounted to 
5,000 gallons per minute. This fact, is 
sufficient to show how important it is to 
make use of the velocity of impact, 
which by Table 7 produces a_ force 
greater than that of the centrifugal 
force. 

Professor Rankine in _ discussing 
centrifugal pumps states that guide- 
blades are unnecessary, and even use- 
less; but it seems that the results arrived 
at by experiment, if not those deduced 
by theory, clearly prove how important 
guide-blades are for the attainment of 
high efficiencies with the vertical-spindle | 
centrifugal pump. 


dis- 


' the reason is evident. 


By referring to the eum of caleu- 
lated centrifugal forces in Table 7, it 
will be observed that the faster the fan 
rotates—the lift remaining constant—the 
smaller is the centrifugal force. This 
seems to be a paradox at first sight, but 
As the discharge 
increases, the velocity of the water in 
the casing more nearly approaches that 
of the water leaving the fan; conse- 
quently the efficiency of the pump im- 
proves, and the theoretical lift diminishes 
and with it the centrifugal force. 

A remarkable property of centrifuga 
pumps may be mentioned, which is il- 
lustrated very clearly by the preceding 
experiments, viz., that a small increas 
in the number of revolutions of th 
pump, when it has begun to discharge 
produces a very large increase in the 
delivery. 

Thus.in Table 5 the difference in 
discharge between experiments 1 and 
11 is 741 gallons per minute, and a small 
increase of only fourteen revolutions; o1 
in other words, while the discharge 
nearly doubled the revolutions are only 
increased by 34. This property has bee: 
made use of by Professor James Thom)- 
son as a speed-indicator, and has proved 
suecessful. 

In conclusion, the whole aim of this 
Paper has been to show that the calcula- 
ted efficiency is identically the same as 
that deduced by experiment. Most peo- 
ple have tried to calculate the friction in 
the pipes and passages in these pumps to 
effect this, but they have been unable to 
do so. The Author, however, has pro 
ceeded entirely on hydrodynamical prin- 
ciples, and has merely taken the veloci- 
ties generated in the water, by which 
means the friction through the passages 
of the pump and the pipes has been 
eliminated from the calculations, in con- 
sequence of the velocities through them 
being directly affected by the friction, 
and these were determined by experi- 
ment. 

The only friction it was necessary to 
measure was that of the strap required 
to drive the pump, and the friction in 
the bearings, and of the outside of the 
fan revolving in the water. This latter 
friction was ascertained by driving the 
pump at a speed of about 410 revolutions 
per minute, which corresponded nearly 
| with a mean of the revolutions run 
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during the previous experiments, and, 
as has been before stated, amounted to 
about 8 percent. This is only an ap- 
proximation; but owing to the 


difficulty in maintaining a constant speed 
in a pump when it is not discharging, a 
more accurate series of experiments was 


great ' not made. 





SUPPLEMENTARY 


NOTE ON 


Ny 


THE THEORY 


hierniana 


By FRANCIS §S. B. 


Proceedings of the 


In a previous paper I endeavored to 
establish a basis for calculating the 
amount of fresh air necessary;to keep an 
air-space sufficiently pure for health, tak- 
ing the carbonic acid as the measure. 
The results showed that the mean amount 
of carbonic acid as respiratory impurity 
in air undistinguishable by the sense of 


smell from fresh external air was under 


0.2000 per 1000 volumes.* My object in 
the present note is to call attention to 
the relative effects of temperature and 
humidity upon the condition of air, as 
calculated from the same observations. 
If we adopt the figures of Class No. 1 
(that is “fresh,” or not differing sensibly 
from the external air) we find the fol- 
lowing : 
Carbonic acid. 


0.1943 per 1000 vols. 


Humidity. 
75 per cent. 


Temperature. 


63° F. 


If, now, we arrange the observations ac- 
cording as they differ from the above 
standard of temperature and humidity, 
and note the record of sensation attached 
to each, we may ascertain how far the 
said record departs (if at all) from what 
it ought to have been as calculated from 
the actual CO,. To do this we may 
employ the numerical values of the dif- 
ferent classes, taking No. 1 (fresh) as 
unity, thus : 


* In the former paper the amount was given at 0.1830 
per 1000; but on revising the calculations, a previously 
unobserved error was found in one of the constants em- 
ployed, the correction for which would have the effect of 
altering the figures a little, the changes being as fol- 
lows : 

Respiratory impurity as CO>. 
Original figures. Corrected figures. 
No. 1. 0.1830 0.1943 

2. Rather close.... 0.3894 0.4132 
3. 5 0.6322 0.6708 
4. Extremely close. 0.8533 0.9054 


Except for the sake of rigid accuracy the difference is 
immaterial, as I adopted 0.2000 as the limit of respira- 
tory impnrity in an air-space well ventilated, and the 
corrected number 0.1943 is still below that. 


Classes, 


FRANCOIS DE CHAUMONT, M. D. 


Royal Society. 

Class. Sensation. Value. 
No. 1. Fresh.. a 1.00 
2. Rather close . 2.13 
3. }los 3.46 
4. Extremely close... 4.66 


Taking each observation and dividing 
the CO, found by the mean quantity of 
No. 1, viz. 0.1943, we get a number 
which will give the theoretical value of 
its effect upon the senses; and by com- 
paring this with the @ctual value of the 
recorded sensation, we can note whether 
the difference is plus or minus, if any. 
All observed quantities of CO, below 
0.1943 are considered equal to that num- 
ber, and all quantities above 0.9054 as 
equal to it, as the sense of smell does not 
seem capable of differentiating quantities 
except between those limits. 


Out of 458 fully recorded cases, 
gave a recorded sensation in excess of 
the theoretical value—that is, the air 
seemed less pure than would have been 
expected from its CO,. In these the 
average temperature and humidity were 
both above Class 1. 


186 


152 cases gave a recorded sensation 
below the theoretical value—that is, the 
air seemed purer than would have been 
expected from its CO,. In those cases 
the average temperature was above, but 
the average humidity below the mean of 
Class 1. 

120 cases gave a recorded sensation 
that exactly corresponded with the theo- 
retical value. In those cases the average 
temperature was above and the average 
humidity below the mean of Class 1. 

Arranging these results and putting F 


| for the temperature in degrees of Fahren- 


heit, and H for the humidity per cent., 
we have : 
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Aggregate difference - 
the recorded and t 
theoretical value of 
sensation. 


Do. 


+s009F—2 s2H=— - 
4244.0F—91 H = 0 [3] 


Adding the two last equa- 
tions, we have: 
+-474°.8 F—173 H=— 


Do. 


Do. 


From [1] and [4] we can determine the | 


cubic feet of space, it follows that either 
their supply of fresh air is short by 1500 
cubic feet per head per hour, or else that 
there are sources of excessive humidity 


| within the air-space which demand im- 
| mediate removal. 


= +e ——— 


In the return of the annual accounts 
of the several manufacturing establish- 


respective values of F and H, which are | ments under the War Office just pre- 


as follow: 
F = 0.47380 
Or, stated in terms of CO,, 
ing by 0.1943 : 
F = 0.0919 H = 03 
Taking F as unity, we have: 
F :H :: 1.0000 : 4.1789 vols. 


Or an increase of one per cent. of humid- 
ity has as much influence on the con- 
dition of an air-space (as judged of by| 
the sense of smell) as a rise of 4°.18 of | 
temperature in Fahrenheit’s scale, equal | 
to 2°.32 Centigrade, or 1°.86 Réaumur. | 


This may be taken as a proof of the} 
powerful influence exercised by a damp | 
atmosphere, corroborating the conelu- | w 
sions arrived at by ordinary experience ; 
and it follows that as much care ought | 
to be taken to ensure proper hy grometric 
conditions as to maintain a sufficiently | 
high temperature. This is especially the | 
case in the wards or chambers of the!» 
sick, in which regular observations with | 
the wet and dry-bulb thermometers 
ought to be made; these would probably 
give a valuable indication of the condi- 
tion of the ventilation, either along with 
or in the absence of other more det ailed 
investigations. Thus a room at the tem- 
perature of 60° F. and with 88 per cent. 
of humidity contains 5.1 grains of vapor 
per cubic foot: suppose the external air 
to be at 50° F. with the same humidity, 
88 per cent-; this would give 3.6 grains 
of vapor per cubic foot; to reduce the | 
humidity in the room to 73 per cent., or 
4.2 grains per cubic foot, we must add 
the following amount of external air, 


H = 1.9765 
by multiply- 


833 per 1000 


5.1 — 4.2 : 
-— = 1.5, 
4,2 — 3.6 
or once and a half the volume of air in| 
the room. If the inmates have each 1000 


|total of £158,931. 


sented to Parliament, there are some in- 
teresting particulars as to the cost of the 
heavy muzzle loading rifled ordnance of 
the present day. Thus the 80 ton 
gun, prepared with a calibre of 144 
inches, cost £6491 for material, £2093 
for labor, and £1091 for indirect ex- 
penditure, making a total of £9675, sub- 


ject to further augmentation, until the 


ultimate cost appears as £10,913. Un- 


| der the head of the Royal Carriage De- 


partment, is an entry of a “truck for 
proof of heavy guns,” made for the gun 
‘factories, and costing in all £1593 


| This, in all probability, is the large 12 


wheeled proof carriage on which the 80 
ton gun has hitherto been fired. Pro- 
ceeding with the account of the guns, 

we find that during the year 1875-76, 
|as many as twenty-one 12} in. 38 ton 
guns were made, costing altogether 
£78,109, or £3719 each. Two 11 inch 
25 ton guns cost £4718, or £2350 each; 
thirteen 10 inch 18 ton guns cost £18,688, 
or £1437 each. These last throw a pro- 
jectile of 400 lbs., the 11 inch 25 ton 
guns a projectile of 535 lbs., and the 38 
ton guns a projectile of 800 lbs., while 
the monster 80 ton gun has a projectile 
weighing 1700 lbs., or fully three-quarters 
of aton. Taking the guns of all sizes, 
down to a 7 pounder of 150 lbs., the en- 
tire number made in the year was 527. 
The expenditure for material was £100,- 
637, and for labor ane, 500, with an in- 
direct expenditure of £19,7 94, making a 
Balance ‘sheet No. 
2 raises this amount still further, so as to 
make up a sum of £179,264. The in- 
creased expense consequent on the manu- 


|facture of larger guns is shown by the 


price per ton, which is £80 for a gun of 
18 tons, £94 fora gun of 25 tons; £98 
for a gun of 38 tons, and £136 for a gun 
of 80 tons. 

—The Engineer. 
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MEASUREMENT OF CONTINUOUS 
FORCES, CONCLUDED. 


THE 


I have proposed to use the word éo//, 
to mean the exertion of force during time, 
whether producing motion of masses or 
not. The unit of work is the exertion of 
a pound pressure through a distance of 
one foot. And we also regard the exer- 
tion of a half pound pressure through a 
distance of two feet as equal to a foot- 
pound of work; or if any number of 
pounds constant pressure, multiplied by 
the number of feet through which it is 
exerted, equals unity, the work done is 
equal to a foot-pound. If the pressure 
is variable, a foot-pound of work will 
have been performed, when the sum of 
all the products obtained by multiplying 
the elementary values of the pressures 
by the respective distances through 
which these elementary pressures are 
exerted, is equal to unity. In a similar 
way, in measuring toil, we may regard 
a half-pound pressure exerted for two 
seconds as equivalent to a one pound 
pressure exerted for one second; or if 
any number of pounds constant pressure, 
multiplied by the number of seconds 
during which it is exerted equals unity, 
the tod will be regarded as equal to a 
second-pound, And if a pressure is 
variable, whether producing mass motion 
or not, the pressure will have performed 
a second-pound of toil, when the sum of 
all the products obtained by multiplying 
the elementary values of the pressure, 
by the respective times during which 
these elementary pressures act, is equal 
to unity. 

So long as toil is prevented by cir-| 
cumstances from imparting velocity to 
the body to which it is applied, we can 
of course make no use of change of 
velocity to measure the toil; but, 
whether any work is performed or not, 
if we know the time during which a con- 
stant pressure is exerted, as shown by 
the continued distortion of any elastic 
body, e.g., a spring balance, we may 
still reckon the amount of ¢oéi/ of the 
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force maintaining the distortion to be 
the product of the pressure by the time. 

A unit of toil would not in general be 
equivalent to a unit of work; because 
the work done by any force in a second 
depends on the velocity of motion of its 
point of application; but if a unit of toil 
be performed on a given body, free to 
move, and having any given initial 
velocity, the same change of velocity 
will be produced, and the same amount 
of work be done, whether the toil be 
that of one pound pressure for one 
second, or of ten pounds pressure for one 
tenth of a second, or of any pressure, 
constant or variable, such that the sum 
of the elementary products of pressure 
and time equals unity. Hence, where 
changes of velocity of masses are the 
result of toil, the amount of toil neces- 
sary to produce them can be inferred 
from these changes just as readily as we 
can infer from them the amount of work 
employed. 

Under this view, 


. 
we should define the 
momentum of a moving body to be its 
power of performing (oé/, or briefly, its 


toiling power. The amount of toil which 
a given body could perform in virtue of 
a given velocity, could always be repre- 
sented by the product of any constant 
force F, by a suitable number of seconds, 
T, that is, by a product, /'7, which pro- 
duct would thus represent the momentum 
of the body. But if the foot and the 
second be the units of distance and time, 
and if the pound pressure be the unit of 
force, and the matt be the unit of mass; 
or if the pound of matter be the unit of 


|mass, and the tend be the unit of force; 


we can easily show that in producing 
velocity the following equation would be 
true numerically, viz: 

MV=FfFT; (6) 
so that, although the product J1/ V would 
not, correctly speaking, be what we 
define as the momentum of a body, yet 
the number of units in it would be the 
same as the number of units in the 
momentum, and the product MV cou)d 
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therefore be taken as the measure of the 
momentum, or toiling power, of a body.* 
In a similar way I suppose we ought to 
regard the product, 4 W/V’, rather asa 
measure of the vis viva or working power 
of a body, than as being the vis viva 
itself; for if a constant force /” had im- 
parted the velocity V in the distance D, 


the equation 
1 MV°=FD, (7) 


should be regarded simply as expressing 
numerical equality. 

In Prof. Tait’s Glasgow lecture on 
Force, (Nature, Sept. 21, 1876), he 
attempts to show that force is nothing 
whatever but a mere name for the rate 
of change of momentum. I cannot agree 
with this view; and a sufficient reason 
for rejecting it seems to me to be found 
in the fact that the intensities of forces 
can be compared, or measured, without 
having anything to do with momentum, 
simply by observing the points at which 
they will hold the index of a spring 
balance, while not doing any measurable 
work, or in any way changing momentum. 
I admit that the intensity, in pounds or 
in tends, of a constant force acting to 
change the velocity of a body, can be 
known from the observed rate of change 
of the momentum of the body. For if a 
constant force act for a time 7} to im- 
part the velocity V to the mass W/, we 
may write equation (6) in the form 
_MV 
—_ — ’ 


and the number of units in this ratio, or 


F 


(8) 


will thus be the same as the 


uy 

“ar? 
number of units in the acting force. 
merely because we have cunningly as- 
sumed the arbitrary «nits of force, mass, 


J 
rate, 


* The first three sections of this series of articles were | 


wriiten more than seven years ago, and were published 
here with scarcely any change from the form then given 
tothem. During this publication ofthem my interest in 
the subject revived, and I am led to suspect that in the 
zeal of my antagonism to the expression quantity of mo- 
tion of a body, I may perhaps at first have underrated the 
importance of the product MV. I made the unit of mo- 
mentum of a body a pound pressure, under the condition 
that the body were to be brought to rest by a constant 
force in one second. This unit might have been under- 
stood as a second-pound; but I neglected to bring out as 
clearly as might have been done, that the number of 
second-pounds of what I have now called toil, which must 
be employed in giving a stated velocity to a body, or 
which the moving body can perform in virtue of that ve- 
locity, is the same, in whatever time or distance the ve- 
locity is imparted, or the body brought to rest from that 
velocity, whether the impelling force or the resistance be 
constant or variable. That I did not entirely overlook 
this result, may, however, be seen by reference to column 
2, p. 130, of this Magazine. 


But | 
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velocity and time so as purposely to 
bring about the numerical equality given 
by (6) or (8), it does not therefore follow 
that force is nothing but a ratio, or rate 
of change. We might just as well say 
that because the mass of a body may be 
known from its weight, therefore the 
mass és the weight. For in the latitude 
of London, the mass of a body, in pounds, 
is numerically equal to its weeght. 
Further, if force és the rate of change 
of momentum per unit of time, we have 
just as good a right to assert that it és 
the rate of change of vis viva per unit of 
distance. For equation (7) may be 


written 
r2 
poi*’ (9) 
But a simple relation of numerical 
equality like this, arising from our choice 
of units alluded to above, does not seem 
to me sufficient reason for asserting that 
force is nothing more than a ratio, like 3 
per cent. 

Can it be that equation (9) represents 
any part of what Prof. Tait alludes to 
when he says that “a simple mathema- 
tical operation shows us that it is pre- 
cisely the same thing to say: 

“ The horse-power or amount of work 
done by an agent in each second is the 
product of the force into the average ve- 
locity of the agent, and to say: 

“ Force is the rate at which an agent 
does work per unit of length.” 

What his simple mathematical opera- 
tion would be, I do not know; for I 
never saw it stated elsewhere that ‘the 
horse-power done by an agent in each 
second is the product of the force into the 
average velocity of the agent, or that the 
horse power in each second is such a pro- 
duct, or even that the horse-power is that 
product. 

Prof. Tait says that momentum and 
force cannot lawfully be equated to one 
another (sic) under any circumstances 
whatever. I quite agree that momentum 
is not the same thing as force; but it is 
evident that if we define momentum as 
the toiling power of a body, and then 
require this toil to be performed against 
a constant resistance im one second, the 
intensity of the force (pressure or ten- 
sion) which the body must exert will be 
numerically equal to its momentum. 

The Professor might have found much 
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better arguments for not confounding 
force and momentum than the one he 


presents; for that seems to me to be of | 


no validity. His supposed proof of the 
different nature of force and momentum 
consists in showing that if you define 
unit momentum as the momentum of a 
unit of matter moving with a unit of ve- 
locity, and define wnt force as that force 
which, acting for a unit of time, produces 
in a unit of mass a unit of velocity, then 
a change of the time unit would change 
the numerical expression for a given 
quantity of momentum in a certain ratio, 
whereas it would change the numerical 
expression for a given force in the square 
of that ratio. But this result depends 
on the mere form of words in which he 
chooses, not necessarily, to define the 
unit of force. If the unit of velocity be 


defined as that of a body moving through | 


aunit of distance inaunit of time, if you 
double the real value of the unit of time, 
and then stick to the form of words by 
which the unit of force is above defined, 
it results that you require the new unit 
of force to produce only one half the 
previous actual velocity, and that you 
also give it twice the time to work in. 
But by Tait’s own words (near top of 
p- 461, loc. cit.) “to compare forces, 
which is the essence of the process of 
measuring them, we must give them 
equal times to act.” 

Suppose I define unit of momentum as 
the momentum of a pound of matter 
moving with a velocity of one foot per 
second, and wnit of force as that force 
which by acting on the standard pound 
of matter during the hundred-thousandth 
part of a stellar day, should give the 
mass a velocity of one foot per second. 
If I were then to change my definitions 
of the units of momentum and force, by 
substituting minute for second in both 
definitions, the new unit of force would 
have precisely the same ratio to the for- 
mer unit as would the new unit of mo- 
mentum to the former one. If V repre- 
sent velocity in feet per second, and V7 
velocity in foot per minute, a quantity of 
momentum in the old units equal numeri- 
cally to MV would, in terms of the new 
units, be measured by 60 WV’; and if 
¥” stand for a number of the new units 
of force, and /’ for the force in my first 
units, which could have produced the 
given momentum in a given time, then a 
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force of the same intensity as /’ will be 
expressed in the new system by 60 J”. 
So that I fail to see any force in the 
Professor’s argument on this point. 

Again, Prof. Tait says that the mathe- 
matician expresses the distinction be- 
tween force and momentum, by saying 
that “momentum is the ¢ime integral of 
force, because force is the rate of change 
of momentum,” both of which proposi- 
tions seem to me objectionable. I have 
already given some reasons for rejecting 
the idea that force is a mere rate of 
change ; and how can momentum be 
properly said to be the time integral of 
force, when any amount of momentum 
can be produced in any time by a force 
of the proper intensity? It appears to 
me that the integral of any quantity 
ought to be equal to the sum of all its 
increments from zero. But a constant 
force can have no increment, and there- 
fore no proper integral dependent on 
time. And, to take an example of a 
variable force, we may suppose the fol- 
lowing case: Let a force equal to one 
pound act for one second on the mass ¥/, 
free to move from rest. At the begin- 
ning of each following second let an in- 
crement of two pounds be given to the 
force, supposing it to remain constant for 
a second ata time. The integral of the 
force, at the end of say five seconds, will 
be the sum of its increments from zero, 
or 

1+2+2+232=9 pounds. 

To be sure, since the force in the suc- 
cessive seconds is 1,3, 5, 7 and 9 pounds, 
the total increment of the ¢o‘/ performed 
by the force in the supposed time, is 

1+3+5+7+9=25 second-pounds; 
and the product of the mass and final 
velocity of the body will be 25; but this 
amount of toil might have been per- 
formed, and the same velocity imparted, 
in any time; so that a momentum of 25 
units can of itself tell us neither the time 
nor the intensity of the force which has 
produced it. In speaking of a particular 
force, there might perhaps be no objec- 
tion to calling the momentum which it 
imparted to a body the time-effect of this 
force; but this is not the same thing as 
saying generally that momentum is the 
time tntegral of force. 

The true relation of time to the action 
of a force I conceive to be simply this, 
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that if we know the intensity of a con- 
stant force which has produced a given 
momentum, the ¢éme can be found from 
equation (6); or if we know the time, we 
can get the intensity of a constant force 
from the same equation. If a force is 
variable, or if we do not know either its 
intensity or the time it has acted, the 
product MV will still show the number 
of second-pounds or second-tends of toil 
which the force has performed in impart- 
ing the velocity V. 

Prof. Tait asserts that force is not an 
objective reality, but a convenient ab- 
straction—a mere nume—and that the 
product of a force into the displacement 
of its point of application has an object- 
ive existence. How the product of a 
mere name into the displacement of its 
point of application can have an object- 
ive existence, while that 'which the name 
denotes cannot, I leave tothe metaphysi- 
cian. 

Prof. Tait, at the end of his lecture, 
says, that “in defense of accuracy, which 
is the sine qua non of all science, we 
must be ‘zealous,’ as it were, even to 
‘slaying.’” Whether the points of the 
lecture to which I have called attention 
are merely slips, due to the unpropitious 
circumstances of time, place and sur- 
roundings, under which he says the lec- 
ture was prepared, or whether he would, 
if he thought it worth while, show that 
my objections are groundless, I do not 
venture to say. But if his position is 
not sound, the high and well earned 
fame attached to his name may make the 
lecture a source of much future confu- 
sion; so that I have thought it worth my 
while to consider it here at some length. 
VI. MEASUREMENT OF IMPULSIVE 

FORCES. 

Writers on mechanics usually distin- 
guish two classes of forces, viz: contin- 
uous forces, or those which act during a 
measurable time, and impulsive forces, 
or those which act for a time so short 
that it cannot be measured. The 
tinction is, or ought to be, one of con- 
venience merely; for however quickly 
a force may produce its effect, the action 
does require a certain lapse of time. The 
text books generally say that the meas- 
ure of an impulsive force is the guantity 
of motion, or the momentum, which the 
force produces, I need not recall my 


THE 


dis- | 
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objections to the phrase quantity of mo- 
tion ; but I will here consider whether it 
is correct, or in what sense it may be 
correct, to take the product MV for the 
measure of an impulsive force which has 
communicated the velocity V to the mass 
M. ; 

It is evident, from what has preceded, 
that if by the word force we mean pres- 
sure or tension, the product MZ V would 
be by no means a true measure of the 
force; for the velocity V might have 
been produced by any force in a proper 
time; and since we are supposed to be 
ignorant of the time actually employed, 
the product VV can tell us nothing as to 

'the intensity of the acting force. In- 
deed, the intensity of an impulsive force 
must generally, if not always, be variable 
during its action; beginning at a mini- 
mum value, rising to a maximum, and 
then diminishing to the end. But we 
have explained that, with the proper 
units, this product JZV represents the 
number of units of ¢od that a continuous 
force, whether constant or variable, 
would have performed in giving the 
velocity VY to the mass M@. Hence, since 
an impulsive force does not differ from a 
continuous force, except in our ignorance 
of the length of time of its action, we 
may take the product J/V as a measure 
of the toi performed by any impulsive 
force in imparting the velocity V to the 
mass Mf. ‘The only attribute of an im- 
pulsive force which I regard as measura- 
ble by a product MV, is then its ¢oi/, 
reckoned in English units by second- 
pounds or second-tends. The product 
MV does not measure an impulsive fore: 
any more than $ JZ V* does; for this lat- 
ter measures the work performed by it in 
|imparting the given velocity. If an im- 
pulsive force in imparting velocity also 
performs work in developing heat, the 
amount of this work may be determined 
by observed changes of temperature. If 
| the force acts for an immeasurably short 
'time or distance, we can not know its 
\intensity, but must be content with 
| knowing the toil and the work performed 
| by it. 

VII. conciusion. 

I will add a very brief summary of 
|some of the definitions and explanations 
|which the foregoing discussions would 
‘lead me to adopt. 
| 1. The mass of a body is its quantity 
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of matter. The writ of mass may be the |of units of pressure by the number of 
quantity of matter in a standard piece of | feet through which it is exerted. 
platinum, called the pound avoirdupois. 5. The momentum of a moving body 
Or, if preferred, (see next paragraph), is its power of performing toil, or, more 
we may take for the unit of massa mit, briefly, its toiling power. If the matt 
which is a quantity of matter equal to of mass and the pound of pressure are 
32.1912 times the quantity in the stand- | assumed as units, or if the pound of mass 
ard piece of platinum. and the tend of pressure are assumed as 
2. Force is any pressure or tension units, the number of units of toil which 
acting on a body, either to produce or a force performs in imparting the veloci- 
maintain distortion, to set the body in ty V to a mass J/ is equal to the number 
motion, or to in any way alter the veloc- of units inthe product JV ; it is also 
ity of its motion. The writ of force is! found that a body having this mass and 
the pressure, due to gravity, exerted at | velocity can perform the same namber of 
London by the standard pound of plati- units of toil while being brought to rest 
num. This is called a pound pressure. by any opposing force. Hence the pro- 
A pressure of this intensity, acting for) duct WV may be taken as the measure 
one second on a mass equal to one matt, of the momentum, or toiling power, of a 
free to move, will impart to the mass a moving body. 
velocity of one foot per second. If pre-| 6. The vis viva of a moving body is 
ferred, we may take for the wit of force, | its power of performing work, or more 
such a pressure as will, by acting for one | briefly, its working power. If the matt 
second on the standard pound of matter, of mass‘ind the pound of pressure are 
impart to this a velocity of one foot per assumed as units, or if the pound of mass 
second. This unit of pressure, or force, and the tend of pressure are assumed as 
is called a tend, and it is equal toa pound units, the number of units of work which 
pressure divided by 32.1912; that is, a a force performs in imparting the ve- 
pound pressure equals 32.1912 tends. locity V to a mass MM is equal to the 
3. Toil is the exertion of force during | number of units in the product }.WV*; 
time. The wnt of toil is either the exer- | it is also found that a body having this 
tion of a pound pressure during one | mass and velocity can perform the same 
second, called a second-pound of toil, or| number of units of work while being 
the exertion of a tend pressure during | brought to rest by any opposing force. 
one second, called a second-tend of toil. | Hence the product $ ZV * may be taken 
The amount of toil of any force will) as the measure of the vis viva, or work- 
be the product of the number of units of ing power, of a moving body. 
pressure by the number of seconds during} 7. If the velocity of a body in one 
which it acts. direction be regarded as positive, and 
1. Work is the exertion of force) velocity in the epposite direction be re- 
through distance. The wnit of work is garded as negative, then by the impact 
either the exertion of a pound pressure | of two bodies the algebraic sum of their 
through one foot, called a foot-pound of momenta or toiling powers will not be 
work, or the exertion of a tend pressure altered; but the total vis viva or work- 
through one foot, called a foot-tend of ing power of the two bodies, as masses, 
work. The amount of work of any force | will be reduced by the amount of energy 
will be the product of the number! converted by the impact into heat. 


RELATIVE VALUE OF WATER OF DIFFERENT DISTRICTS.* 


From ‘‘ Nature.” 


No less than 10,000 square miles of | inches of rainfall annually, and probably 
England and Wales are occupied by the more where the overlying drift is pervi- 
new red sandstone and permian forma- ous or absent, and the sandstone open 
tions, which absorb not less than ten and permeable. 

The Rivers Pollution Commissioners 
classify waters in the order of their 


* Abstract of a Report of a Committee for Investigating 
the Circulation of Underground Waters, etc. 
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excellence, for general fitness for drink- 


ing and cooking, as follows 
r 1. Spring water. 
A. 7 2. Deep well water. ( 
: ; Upland surface water. j 
Very palatable. 
. Stored rain water. 


Suspi- {4 © 
B. Suspi Surface water from \- 


cious. 


cultivated land. 
Moderately palatable. 
River water to which ) 


C. Danger- 


ous. 7 sewage gets access. 


. Shallow well water. ) 
Palatable. 
The average amount of hardness of 
the water of the deep wells of the new 
red sandstone tabulated by the Rivers 
Pollution Commission being 17°.9, and 
that of the springs no less than 18°. 8, the 
relation of hardness of water to the rate 
of mortality of the persons drinking it 
becomes a matter of great importance. 

The Commissioners give three tables 
of statistics that bear directly upon this 
point: 

From Table I, it appears that in 
twenty-six towns, inhabited by 1,933,524 
persons supplied with water, not exceed- 
ing 5° of hardness, the average death- 
rate was 29°.1 per 1,000 per annum. 

From Table II, we ‘learn that in tw enty- 
five towns inhabited by 2,041,383 per- 
sons drinking water of more than 5°, but 
not exceeding 10°, the 
rate was 28°.3 per 1,000. 

Table III, gives sixty towns, with an 
aggregate population of 2,687,846, drink- 
ing water of more than 10° of hardness; 
the average death-rate was only 24°.3. 

Of the towns in Table K none are sup- 
plied from the new red or permian forma- 
tions. 

In Table II, three are so supplied. 

In Table III, ten are so supplied, from 
which it will be observed that the largest 
number of towns supplied with new red 
water 
lowest death-rate and the hardest water. 

The same result is obtained if we com- 
pare towns of corresponding populations 
and occupations supplied with soft 

waters from surface areas and those sup- 
plied with deep well water in the new 
red sandstone. Thus: 

Per 1,000. 

Manchester, 351,189 inhabitants, average 
death-rate. é 
Birmingham, 343,787 inhabitants, average 


death-rate 24.4 


| Stirling, 


average death- 


: a ‘pears to Y be little v 
are found in the table with the | P 


And again— 

14,279 
death-rate 

Tranmere, 16,143 
death-rate 


inhabitants, average 


inhabitants, average 


The averages are, of course, also de- 
pendent on many external causes. Thus, 
Greenock and Plymouth, both supplied 
with soft water, with an equal number 
of inhabitants have a death-rate respect- 
ively of 32.6 and 23.3 per 1,000, due to 
difference of density of population, 
Greenock only having one house for 
every twenty-eight people. And again, 
Liverpool and Birkenhead, both supplied 
with moderately hard water in the one, 
an old and densely-populated town with 
a site saturated with what is injurious to 
health, the death-rate is 31 per 1,000, 
while Birkenhead, a new town on an open 
site with wide streets, has a death-rate 
of only 24 per thousand, though mainly 
inhabited by a poor and struggling class 
of persons. 

Still it is worthy of note that the five 
inland manufacturing towns with the 
lowest death-rate are all supplied with 
hard water, and all from the new red 
sandstone. 

Mortality per 1,000 
Population. per annum. 

343,787 24.4 

95,220 .. 27.0 

86,621 


Birmingham 
Leicester 

Nottingham 
Stoke-on-Trent.... 130,985 
Wolverhampton.... 68,291 


Average 144,981 


And again the average death-rate ot 
twelve inland non- manufacturing towns 
supplied with soft water was 26.0 per 
1,000, while that of twenty similar towns 
supplied with hard water was only 23.2. 

When, however, the mortality of the 
districts, including the principal English 

watering places, is compared, there ap- 
variation in the death- 
rate, whether the population be supplied 
with soft, moderate, or hard water, 
that it may be safely concluded that 
where sanitary conditions prevail with 
equal uniformity, the rate of mortality is 
practically uninfiuenced by the degree 
of hardness of the water drunk, and the 
Rivers Pollution Commission are of 
opinion that soft and hard waters, if 
equally free from deleterious organic 
substances, are equally wholesome. 

The Committee are of opinion that it 


SO 
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LONDON WATER SUPPLY. 





is desirable that they should continue to; West Lancashire Wells, in which he 
inquire into areas where new red and ‘analysed the information he had obtained 
permian waters might be obtained by | for the Committee through the printed 
means of deep wells. Looking to the|forms of inquiry, supplemented by 
national importance of utilising the further inquiries which had suggested 


underground waters of England, it is} themselves to him. 
desirable that the sphere of this inquiry 
should be extended so as to include the 
oolites, which are often not made availa- 
ble for the supply of the population liv- 
ing upon them until the water is hope- 


For the purpose of 
comparison Mr. Reade selected three 
nuclei or centers, about which the most 
important systems of wells are grouped, 
viz., Liverpool, Birkenhead, and Widnes, 
and illustrated them by maps and vertical 


lessly polluted with sewage. The result | sections showing the relative water-levels 
of their labors, since the formation of the | reduced to a common datum. 

Committee, has been to prove that there| The President thought it important to 
is an available supply of water from the | note the influence of heavy and long-con- 
new red sandstone and _ permian of | tinued rain in relation to absorption by 
England of not less than a billion and a-|rocks. When rain lasts only a short 
half of gallons of water, the quality of | time, even if it were very heavy, only a 
which is remarkably free from organic) little was absorbed; but if the rainfall 
impurity, and the hardness of which | were spread over a longer time a larger 
does not in the least appear to affect the | proportion would sink into the rocks. 
health of the population at present tak-| M. Lebour described the method adopted 
ing their supply from it. The death-| by the French engineers for representing 
rate of this area compares well with the | the underground water-contours on maps, 


best soft-water districts. 
Mr. J. Mellard Reade, C.E., F.G.S., 
added a special report On the South- 


| there being also lines showing the strike 
Jof the rocks; he commended this method 
to the consideration of the Committee. 
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Propas.y some of the members pres- 
ent may know that we have—in con- 
junction with Sir Joseph Bazalgette—at 
the request of the Metropolitan Board of 
Works, recently reported upon 
water supply to London, especially 
in relation to the quality of the 
potable water and 
of water at an adequate 
for the extinction of fires. 
no apology for bringing 
ject of the London water 
before this section, because 
subject is an extremely large 
and the question involved in its econo- 
mic considerations are, therefore, of very 
considerable importance. 
population supplied was 3,655,000, dwell- 
ing in 511,000 houses. The daily aver- 
age quantity throughout the year was 


pressure 
We make 
the sub- 


that 
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the | 
to the provisions | 
supply | 
one, | 


In 1874, the| 


116,250,000 gallons. The quantity per 
head, therefore, for all purposes was a 
little under 32 gallons. As is well 
known, this water supply is in the hands 
of eight companies. The aggregate 
capital employed in 1874, including 
share and loan capital, was £11,196,000, 
The gross income from water was 
£1,137,000; in addition to this there was 
£16,000 from land rents—making a total 
of £1,153,000. The expenses were 
£447,500. The net income was £7 
700, giving a rate of interest upon all 
the capital employed, share and loan to- 
| gether, of proximately 6.3 percent. In 
Colonel Bolton’s last report, June, 1877, 
it isstated that the population supplied 
|was 3,796,000, dwelling in 533,000 
houses, and that the daily average quan- 
| tity was 132,500,000 gallons, equal to a 


‘little less than 25 gallons per head 
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during the summer months, and repre- 
senting a probable average daily delivery 
throughout the year of from 

to 125,000,000 gallons. London, in com- 
mon with other towns, requires wate 
for the under-mentioned purposes: (@) 
drinking and culinary; (4) cleanliness— 
personal, domestic, and civil; (¢) ex- 
tinction of fires; (7) manufacturin: 
rond watering and miscellaneous. 
respect to the heads (>) (d) and (e) we 


120,000,000 


generally satisfactory; but except on 
rare cases this cannot be said with 
spect of head (a), nor in any case can it 
be said in respect of head (ec). The im 
portance of these two heads it is difficult 
to exaggerate, as on the quality of the 
potable water depends to a large extent 
the health of a vast population, and on 
an adequate provision for the extinction 
of fires depends the preservation of the 
largest aggregation of wealth in the 
world. respect to head (a) we 


re- 


With 
have already shown that there are in 
London close upon 4,000,000 of human 
who should be supplied with 
wholesome potable water; let us now 
see, as regards head (c), what is tl 

mere money value of the property re- 
quiring protection from fire. This sub- 
ject of fire extinction has frequently been 
the subject of Parliamentary considera- 
tion—in 1862, in 1867, and again in 
1876 and 1877. In these later years a 
committee, presided over by Sir H. 
Selwin Ibbetson, has made the fullest in- 
vestigation into the question of the fire 
brigade and into the means of extinguish- 
ing fire in the metropolis. From the 
evidence given before that committe it 
appears that as much as £540,000,000 of 
London property is insured in the fire 
offices. With respect to the uninsured 
property there is a great diversity of 
opinion. No witness puts its lower than 
equal in amount to the property insured; 
so that no one gives the total value as 
being much less than £1,100,000,000. 
But other estimates made the proportion 
as much as one insured to four unin- 
sured; the total value of the property, 
therefore, according to those estimates, 
amounts to £2,700,000,000. Captain 
Shaw’s opinion, however, is, there is one- 
third insured, and two-thirds uninsured. 
If he is right, then the total value of the 
property of London is a little over 
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June, alr ady quoted 
says that the suspended mat 

water supplied by one of the companies 
was full of moving organisms. Natura 
the public, even after all that has be 
done, satisfied as regards the 
supply of potable water. Nor do we be- 
lieve that they ever will be satisfied, or 
can be satisfied, ig as that water is 
derived from rivers into which is poured 
the sewage of a great part of the large 
population of the basins of the Thames 
and of the Lea, and surface 
drainage from the highly cultivated and 
therefore highly manured land of those 
With respect to fire extinction, 
nothing at all has been done by the 
water companies beyond the giving of a 
supply of water at street levels, to be 
picked up by the pumps of the fire- 
engines and pumped upon the fire. 
Captain Shaw has said in his evidence 
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before the late committee that his 
quirements, even at the largest fires— 
which requirements he calls very moder- 
ate—amount to no more than 2000 gal- 


lons of water per minute, capable of 
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the scene of a fire 2000 gallons ve min- 
ute, even when delivered at the level of 
the street for the ser ‘oo en- 
gine. But there can be no question that 
to insure the prompt extinction of fire it 
would be in the highest degree desirable 
to be able to apply an effective jet from 
the water main, without the inter 
of a fire This has been 
proved by the experience of M 
Liverpool, and other towns, where t 
is, by gravitation in mains, a 
stant high pressure competent to deliver 
large quantities of water in the form of 
jets, 
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of the water through the hose to be 
taken into account; and the section may, 
perhaps, little expect to be told that 
every foot of the usual size of hose em- 
ployed by the London Fire Brigade, 
when conveying 150 gallons of water 
per minute, requires a pressure of a lit- 
tle over 3 inches to drive that water 
through. As a matter of fact, the 200 
feet of hose demands 53 feet of pressure 
to get 150 gallons per minute through 
them. Therefore, to obtain a jet of 80 
feet high, expending 150 gallons per 
minute at the end of 200 feet of hose, 
there is needed a pressure at the main of 
181 feet, and this pressure must be 
maintained while the water is flowing. 
We believe the section will now well ap- 
preciate why it is that if it be difficult 
for the water companies in many in- 
stances to deliver 2000 gallons per min- 
ute at the street level, it would become 
absolutely impossible for them to deliver 
it were its exit opposed by this 181 feet 
of pressure. More especially will the 
section understand the difficulty when 
they are told that there is not one of the 
London companies which is bound to 
give throughout its district this pressure 
of 181 feet above the pavement, or any- 
thing bordering upon it; indeed, the ob- 
ligations of the largest company but one 
are fulfilled by giving a pressure of 
only 40 feet above the pavement—a 
pressure which, so far from being able 
to produce a jet delivering 150 gallons 
at the end of 200 feet of hose, can only 
succeed in driving 122 gallons per min- 
ute through a hose of that length at the 
ground level without any jet at all. 
These things being so, we think that 
upon this point of the extinguishing of 
fires London will no longer be content 
with the provisions, as regards quantity 
and pressure, which now prevail. 
question now arises, how are the legiti- 
mate complaints as regards potable 
water and water for fires to be met and 
to be satisfied? There are many who 
suppose that the defects arise solely 
from the fact of the supply being in the 
hands of private trading companies, and 
who urge that if the undertakings of 
these companies were acquired by the 
governing body of the metropolis so as 
to put the whole water supply under one 
management, every complaint would dis- 
appear. 
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if, after the acquisition of the property 
by the governing authority, the present 
system were continued. That system, as 
is well known, is the obtaining of water 
for all purposes, either from the Thames, 
the Lea, or from wells. With the ex- 
ception of the well supply, the water so 
obtained is, as we have said, put into 
depositing reservoirs and is filtered, and 
is thus treated whether it be used to 
flush a sewer or whether it be drunk, and 
is delivered at one and the same pressure, 
whether it be required at the basement 
of a house or for the extinction of a fire. 
Suppose the governing authority to pur- 
sue the same system and to obtain water 
from the same sources, obviously, though 
there might be some economy in man- 
agement, there would be no radical 
change either in quality for drinking or 
in the quantity and pressure for fire pur- 
poses. The mere fact of corporation 
ownership does not change either quality 
and pressure, although this simple tru- 
ism is very commonly overlooked. What, 
therefore, would be the position of the 
governing authority ? They would speedi- 
ly find they had bought a “white ele- 
phant,” the possessing of which would, 
under any ordinary system, compel them 
to set about finding some unobjectionable 
source of supply, so that all the water 
might be fit for potable purposes, and 
would compel them to alter the pipeage 
and also to increase the height to which 
the water is raised that it might be 
available for fire purposes. It is com- 
monly a sufliciently difficult thing to find 
an unobjectionable source of supply for 
a town of even 100,000 inhabitants; but 
in the case of London the difficulty of 
procuring 125,000,000 gallons a day is 
one of the greatest magnitude. ‘Ther 
have been, as the section well knows, 
various propositions for bringing the 
water from the lake districts of Wales 
and Cumberland by means of gigantic 
aqueducts to London; but, after full ex- 
aminations by royal commission, these 
propositions have been rejected; and, 
moreover, an opinion has been expressed 
by those commissions that it is not expe- 
dient the water supply of any district in 
England should be taken from the towns 
in its immediate neighborhood to supply 
the wants of a town afar off. But as- 
suming that such works could be carried 
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expenditure, therefore, must 
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Moreover 
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be kept in mains for fires, must be 
tended. Would it be wise for the 
tropolitan authority to acquire at a cost 
which from numerous instances we could 
readily show to the section would not 


me- 


be less than £25,000,000 sterling the un-| 


dertakings of the present companies, 
when that acquisition was burdened with 
the necessity of forthwith discarding the 


sources of supply and of forthwith re-| 


arranging and modifying all the distrib- 
uting apparatus and all the pumping | 
power at an expense of at least as many 
millions more? We need scarcely say 
that, rich as London such outlays 
would never be sanctioned. But it 
evident that something must be done. 
London must be supplied with whole- 
some, potable water, and it must have a 
greater security from fire. We have re- 
ported to the Metropolit: in Board of 
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is, 


is 


Works, and our report is before the pub- | 


lic, that the only practical mode would | 


be to separate the water for drinking 
purposes and for the extinguishment of 
fire from the water which is used for 
other purposes. Although, 
said, it is next to impossible to find 
125 ,000,000 gallons per diem of 
jectionable water, 
to find 30,000,000, gallons per diem, 
even more than that quantity of water, 
which is prononnced by all authorities to 


or 


be of the best possible quality for dietetic | 


purposes—viz., the pure spring wate! 
from the chalk. This has been recognized 
by the Duke of Richmond’s Commission 
in their report. Now it will be 
that the most liberal allowance of water 
for drinking and cooking is covered by 
two gallons per head per diem. And by 
cooking we mean, not 
used in the saucepan, but the water used 
in the washing of vegetables and fish, 
and in otherwise preparing food for cook- 
ing. 
only 7,000,000 or 8,000,000 gallons for 
the whole metropolis. 
we have doubled this, and have allowed 
16,000,000, Our proposition 


is 


main- | 
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it is perfectly possible | 
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But in our report | 


that | 
there should be made on the high ground | 
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to the north and to thesouth of London, 
reservoirs at a height of 400 feet above 
ordnance datum; that these reservoirs 
should be supplied by pumping engines, 
drawing their supply of spring water at 
distances of from eight to fifteen miles 
beyond the reservoirs—that is to say, in 
the open country; that the reservoirs 
should all be united by large arterial 
| mains traversing London from north to 
south, and that these mains should be 
| united by subsidiary mains. From these 
latter mains a service pipe would proceed 
| to each house, delivering the water into 
a close vessel having a draw-off tap, and 
containing, according to the size of the 
house, from three to ten gallons, and 
filling up gradually, after having been 
emptied. On these mains also would be 
| placed, at the time they were laid down, 
the hydrants for fire extinction. The 
| plan we have proposed would, we be- 
i lieve, overcome every difficulty in pro- 
| viding for the important requirements 
of (a) the potable and (ce) the fire ex- 
tinction water; and even if the property 
| of the water companies were acquired by 
|the governing body, this plan, as it 
seems to us, is the only feasible one by 
which the present complaints could be 
|satisfied. If this be so, why should not 
the plan be at once carried out, leaving 
the question whether the companies 
should or should not be acquired by the 
governing body for after consideration ? 
The two things are distinct. The 
quisition of the water companies would 
be strenuously resisted. It would proba- 
bly involve years of parliamentary war- 
fare, and during the whole of this time 
London would be left where it is as re- 
gards its water supply. After very 
careful calculation we have estimated 
that the total cost of the whole of the 
works ary for carrying out this 
| separate supply of potable water, under 
| sufficient pressure for extinguishing fires 
| will not exceed £5,500,000, and this in- 
cludes the house fittings and also the 
hydrants. The annual cost attendant 
| upon such a capital expenditure and upon 
the working of the undertaking will at 
| first sight appear to be large, but, when 
| contrasted with the expense which would 
be involved in meeting the improved fire 
| requirements alone under any ordinary 
system, that cost will be found to be 
considerably less. The evidence adduced 
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before Sir H. Selwin Ibbetson’s com- 
mittee 
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places. For the protection of the sixteen 
hundred millions of property in London 
there is accorded an annual sum of a lit- 
tle under Of this 
£48,000 arise from a halfpenny rate, 
£19,000 from a contribution by the fire- 
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insured, £10,000 from the 
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14s. per one thousand—more ten 
times the sum spent 
with of »p 
£111,093, or exactly £202 pe 
Numerous further mig 
quoted, all of which would tend to show 
that London, although undoubtedly the 
most important city in the whole world 
as regards population, wealth, and mag- 
nitude of the interests involved, is the 
one that spends relatively the least for 
the extinction of fire. That London, in 
such circumstances as these, should suf- 
fer so little as it disastrous 
fires, we think must be admitted to be 
due to the excellent organization of the 
Fire Brigade and to the unwearying 
diligence of Captain Shaw. The London 
Fire Brigade under his management has 
‘ from year to year coping with 
and even mastering the increase in their 
labors arising from the increase of Lon- 
don. But it is clear that there is a 
point beyond which it is impossible for 
them to protect the metropolis unless in 
way their are increased. 
This point is certainly reached now, and 
in fact has been reached for some time 
past. The report Sir H. Selwin 
Ibbetson’s committee clearly recognizes 
this, for they have recommended in their 


mn London. ‘hy cago 


550.000 pulation, spends 
: ot 1 
r LHOUSANG, 


instances it be 


does from 


gone on 


— 


some powers 


of 


AN NOSTRAND’S ENGINEERING 


of 


other 


MAGAZINE. 


report that the limit of the rating power 
for fire purposes should be doubled, thus 
adding nearly £50,000 per annum to the 
present income. That committee further 
recommends that hydrants should be fit- 
ted to mains and services wherever there 
is a constarit supply, and should follow 
the extension of that supply; this, as ap- 
pears from the evidence, would involve 
an expenditure of £750,000 at least 
at 34 per would 
£26,250 per annum. 
mend that the water system should be 
consolidated in the hands of a public 
authority, which, in dealing with the 
questions of constant supply, pressure, 
pipeage, should be bound to have 


not only to the convenience of 
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which cent., cost 


They also recom- 


and 
regard, 
consumers, but also to the requirements 
for the extinction of fire. This alteration 
means the outlay of an 


known sum, certainly not less than 


ot pipeage un- 
one 


million, or an annual el £35,000. 
It further means the increase of pumping 


sarge of 
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power at an increased cost, stated in evi-: 
dence before this committee, of £1: 
per annum; been 
by the engineers of the water companies, 
and we entirely agree with them, that it 
to pretend to maintain 
a pressure until the house fittings 
were ali altered to suit it, and this could 
not be effected for less than £3,006,000, 
which, at 33 per cent., amounts to 
£126,000 per annum. the 
sums involved in the recommendations of 
Sir H. Selwin I[bbetson’s committee, who 
conclude their report by saying that 
“effect should be given by the Legisla- 
ture to these recommendations.” Let us 
now contrast the financial results of the 
two plans:—-Purchase of the undertakings 
of the water companies, £25,000,000, at 
34 per cent., £875,000; alteration of 
pipeage, £1,000,000, at 34 per cent., 
£35,000; annual expenditure of the com- 
panies in 1874 was £447,529; say dimin- 
ished owing to the concentration of man- 
agement, £47,529; leaving £400,000; in- 
creased cost of pumping for higher 
pressures required for jets, £150,000; in- 
terest at 55 percent. on cost of hydrants 
£26,250; interest on of altered 
house fittings, £126,000—total, £1,612,- 
250; equal to about 163d. in the pound 
on the present rateable value of the me- 
tropolis. hat we 
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extra £50,000 a year expenditure on the 
Fire Brigade contemplated in the report 
of the committee, because we are con- 
vinced that if a hydrant service with 
proper pressure be given, not only need 
there be no increase in the annual 
charge for the Fire Brigade, but the ex- 
isting expenditure will be very consid- 
erably lessened. The annual cost of the 
plan we propose is—interest at 33 per 
cent. on £5,500,000, £192,500; working 
expenses for pumping and management, 
£32,500; total, £225,060—equal to about 
24d. in the pound on the rateable value 
of the metropolis. The gross income of 
the water companies in 1874 was, as we 
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have stated, £1,137,000, or about 114d. 
in the pound, making, with the 2id., a 
total of 14d. in the pound, as against 
164d., or a saving in mere money of 24d. 
in the pound, or close upon £25,000 a 
year. But it will be seen that by the 
dearer process no improvement whatever 
has been made in the quality of the 
drinking water, and that nothing has 
been attained except a better provision 
for the extinction of fire, whereas by the 
cheaper plan not only has this latter ob- 
ject been attained, but the difficulty with 
regard to the most important question 
of all, that of potable water, has been 
entirely overcome.” 


MISDIRECTED EFFORT. 


By WM. A. AYRES, 


Written for VAN NosTRa}D’s MAGAZINE. 


Wuen we consider the splendid engi- 
neering achievements and triumphs of 
mechanical ingenuity in which the pres- 
ent century has been so prolific, and 
remember, at the same time, how often 
the originators of these enterprises have 
struggled against aimost insurmountable 
obstacles of incredulity and contempt, 
and only after the utter failure of their 
first attempts, and a profound plunge 
into the abyss of proved error and pecu- 
niary disaster, succeeded in carrying 
their conceptions to a successful realiza- 
tion, it seems an ungracious task to 
accuse any man of wasting time in in- 
. vention. There is always a possibility 
that he is wiser than his critics, and has 
a genuine discovery which is yet but 
dimly apprehended in his own mind, and 
may be aptly represented by Hermann 
Grimm’s conception of a colossal statue 
in a dimly lighted hall. Asthe observer 
goes to this side or that, gigantic feat- 
ures and members come into momentary 
prominence, and it may well be discerned 
that some great work is there, though it 
is impossible to form a clear and ade- 
quate conception of the whole until more 
light is obtained. Some such real, yet 
indistinct perception of a new theory or 
combination or relation, may exist, and 
need only to be made plain by persever- 


ing study. Leaving aside then excep- 
tional cases, it is intended to point out 
certain errors of purpose and method 
which are extremely common, and in- 
volve, in the aggregate, an immense 
yearly loss both to inventors as individ- 
uals and to the country at large. 

As regards the purpose, that is to say, 
the end proposed, it is often so trivial 
that its pursuit can be regarded only as 
a waste of time. This is no question of 
the thing produced being in itself slight, 
for thousands of articles of common use, 
domestic conveniences, little attach- 
ments for machines, trifles that lighten 
labor or save time, are worthy of respect 
because they are of real service, even if 
the service issmall. But there are many 
others for which no such claim can be 
made. They furnish a new means of 
accomplishing something that was well 
enough done before, and it is their novel- 
ty, not their superiority, on which the 
expectation of a profitable sale is based. 
Every hour spent in devising one of these 
things is an hour thrown away. No less 
labor and thought are involved than go 
to the production of something that 
really adds to men’s facilities for living 
easily and comfortably, while the invent- 
or himself suffers a positive injury in 
the dulling of that enthusiasm for and 
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belief in his work which is necessary to 
acontinuous success in any department 
of original inquiry. The first thing to 
be considered is not what can be patented 


and sold, but where some actual want | 


exists and what is its nature, and to get 


this question clearly answered is often | 


Whoever follows this 
course has the satisfaction of doing 
honest useful work, and is relieved in 
advance of most of the risk and labor of 
introducing his goods to the market, for 
a well-considered useful invention is sure 
of sale unless held at some wholly unrea- 
sonable price. It is to be observed, too, 
that every man gains an advantage by 
working in the field with which he is 
most familiar. If his eyes are open he 
can see plenty of things needing im- 
provement in connection with his daily 
work, and by turning his efforts in this 
direction, he utilizes all the slowly ac- 
quired detail information that has accu- 
mulated during his life, and would count 
for nothing in some new field. Its place 


half the battle. 


is, however, not so much in the general 
conception, as in its reduction to practi- 
cal shape, and it is only at that stage 


that the real advantage of such a course 
can be properly appreciated. In truth 
the same rule of careful consideration in 
advance, that applies to all other weighty 
attempts holds good as toinvention. No 
man sets out to build a house without 
having reckoned its cost and determined 
the plan and material, or undertake to 
write a book until he has its general 
scope and purpose settled in his mind, 

or enter on a great speculation without | 
having studied the markets and formed | 
a satisfactory opinion of the probable | 
course of trade. Inventors alone plunge 
into their subject as heedlessly as if the 
time and labor involved were of no 
value; thereby not merely delaying or 
preventing success, but robbing their 
pursuit of the dignity that should natur- 
ally belong to it, and making it no more 
than a child’s plaything used in a childish 
way. It does not help the matter to say, 

as some do, that invention is merely their 
amusement. Recreation it may be, but 
sooner or later it is dead hard work, and 
that this work should be done to no pur- 
pose, and that simply for want of ordi- 


nary care and foresight at the start, is a/| 


thing hard to be borne by any one who 
desires the advancement of the race. It 
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lis just so much power run to waste. 
Granting however, that the end has 
been thoughtfully considered, we yet 
| encounter errors of method that go far 
to neutralize whatever success might be 
expected from the industry or the natu- 
‘ral parts of the inventor. Of these the 
| most common and injurious is the neglect 
of previous experiments in the same 
direction. Intricate machines and pro- 
cesses are reinvented every year at a 
great outlay of time and money, simply 
because of neglect to consult records to 
which almost every one may in some way 
obtain access. The Patent Office Re- 
ports, with the detailed list of subjects 
containing reference by name and date to 
patents already issued, serve to give a 
general idea of what has been done, and 
a copy of any patent may be obtained at 
a slight expense, if the information 
gained from the Report be insufficient. 
Mechanical dictionaries, too, serve a good 
purpose, and such general books as 
Nicholson’s “Operative Mechanic ” often 
yield unexpected and valuable results, 
while technical books relating to the 
matter under consideration should never 
be neglected. A brief examination will 
in each case show whether anything 
pertinent is to be obtained, and a few 
hours spent in work of this kind may 
save the labor of weeks or months in 
experiments that have been aiready 
tried, and thus bring the inquirer so 
much nearer his goal, or by showing the 
futility of the search, or the fact that it 
has already been brought to a successful] 
conclusion in other hands, leave him free 
to turn to something else in which there 
is a better opportunity. If by reason of 
| distance from a library, or other cause, it 
| is impossible to consult works of authori- 
ty, publisher’s lists or some catalogue 
like that of the Boston Publie Library, 
should be obtained and carefully ex- 
amined for technical books that bear on 
the matter in hard, and some of these 
should be selected and purchased. They 
are no luxury or unnecessary expense, 
but instruments to an end just as truly 
as planes or saws or chisels, 

Another common error is to hurry the 
work, usually from impatience or care- 
lessness, but sometimes from a wish to 
secure the main idea with a view to its 
| later development at leisure. The plan, 
| however, has too many disadvantages to 











| 











be easily justified. Every detail should 
receive the same elaboration as the cen- 
tral idea before publicity is given to the 
invention, not merely because the first 
impression made is always important, 
but because the practical details often 
involve unexpected difficulties. We hear 
again and again of something working 
well in the model, and then failing 
utterly when submitted to the test of 
actual use; and this is commonly because, 
in the model, so many of the lesser 
features were neglected that the condi- 
tions of success were essentially altered. 
Detail work is never specially agreeable, 
but it is an absolute necessity in every 
pursuit of life, and has more to do with 
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success or failure than any amount of | 


brilliant general conceptions. A man 


| 


who despises or neglects it can never ex- | 
| sanguine views of the final result of his 
words “he might have done something 


pect any better praise than goes with the 


if he would,” or any of the pecuniary 
success that belongs only to a well com- 
pleted undertaking. ‘The disposition 
just alluded to, to secure the main idea 
as soon as possible, may be easily ex- 


cused though seldom thoroughly justi- | 


fied. 


fear that at the last moment some other 


Its cause lies presumably in the | 


person shall anticipate the result and so | 
bring the labor of months or years to} 


nothing. This is an ever present con- 
tingency, and doubtless self-control is 


difficult when one supposes that the new | 


and worthy feature of his discovery is 
established. On the other hand a pre- 
mature announcement tends to give ob- 
servers a lower idea of the thing pro- 
duced than it actually deserves. They 
have not the inventor’s knowledge of the 
matter, or his interest, and do not pause 
to learn what may be coming in time, 
but passing their verdict on what they 
actually see can hardly be blamed for 
sometimes neglecting what is capable of 
becoming useful, because as shown to 
them it actually is not so. If, as ex-| 
hibited, it needs constant apology and 
explanation they cannot be expected to 
stop and inquire into its prospective 
merits. Bring it tous when it is perfect, 
they say, and when that time comes they 
have forgotten all except that once they 
were disappointed by it. A thing com-| 
pleted before publication obtains a better | 
and stronger patent, one that is less liable | 
to have its value impaired by improve- 
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ments at the hands of some other person, 
and in every respect more saleable. It 
should also be observed that if the whole 
work of inventing and perfecting be done 
at one heat, it will probably be better 
finished than if there has been an inter- 
ruption and delay to secure a patent. 
All experience shows that there will be 
interruption. Not one man in a thousand, 
while waiting for the result at Washing- 
ton, can go on calmly working out details 
that will be useless if his application is 
refused, while it is comparatively easy to 
develop them before the crisis of applica- 
tion has actually come, and in the force 
of an enthusiasm which has not yet 
halted. 

Still another error is the indulgence of 
an unreasoning confidence. It is part of 
the very character of an inventor to hold 


efforts, and certainly no despondent man, 
doubtful of himself and easily dis- 
heartened, is fit to attempt this pioneer 
work in the unknown regions of applied 
physics. But there is a confidence that 
comes from experience of one’s own re- 
sources and perseverence, and another 
that results from ignorance or vanity; 
and it is the latter kind that is obtrusive. 
It is often taken by careless observers as 
a distinctive trait of the inventive mind, 
and, by a total misconception of the 
nature of the case, elevated to the rank 
of a virtue,—vota bene, a virtue for an in- 
ventor, not for his critic. Usually there 
is little danger that one who has escaped 
the various forms of error previously 
described will fall into this last one. If 
he has considered in advance what use- 
ful end to strive for, has qualified him- 
self by investigation to work understand- 
ingly, and not merely repeat the useless 
or the successful attempts of earlier in- 
quirers, and in addition to this, has 
waited patiently for the full completion 
of his work before claiming either safe- 
guard or praise, he is not likely to cherish 
wholly unreasonable views of the value 
of what he has done. Wisdom breeds 
modesty, just as much in invention as in 
any other matter. To those who, being 
less wise or more excitable, find it difti- 
cult to bridle their imaginations when 
there is question of the future results of 
their own efforts it may be suggested, 
that hardly any new thing succeeds in 
exact proportion to its merits. It has 
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already been said that what is good and 
meets a want is sure of a sale, but it is 
impossible to say that the sale shall be 
proportioned to the real value of the 
article, and not governed to a great ex- 
tent by the manner in which it is put on 
the market. Almost always it is to this 
latter item that the chief credit of an 
exceptionally large sale belongs. Then 
too, only the test of experience can de- 
termine whether the new article is really 
as perfect or as much needed as it seems 
to be, while, even if this be assumed to 
be the case, there is a further contingen- 
cy that just at the nick of time some one 
else may bring out a still better article 
for the same purpose. In fact the folly 
of over-confidence is so apparent that it 
would seem ridiculous to consider its 
phases in detail, were not the failing so 
common and well known. 

Keeping now in mind the various 
errors that have been pointed out, it is 
easy to see the explanation of the com- 
mon but usually unexpressed opinion 
about inventors, especially when we also 
consider that the great mass of inventions 
are rather petty, and not fitted by ap- 
parent importance to lend additional 
dignity to a calling that is usually held 
to require some such support. The few 
really great discoveries of any age stand 
out isolated, and hardly own kinship with 
the thousand-and-one trifles that come 
and go unnoticed by those who have no 
personal interest in them. An outsider 
must judge by what he sees and hears, 
and is apt to listen with amusement 
mingled with a little contempt to the 
cackling and chattering of the small fry, 
each of whom is sure his own goose is a 
swan. He cannot fail to notice how sel- 
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dom the degree of success answers to 
the claims and predictions that have been 
made, how often a total ignorance of 
established principles is apparent, and he 
forgets that the great discoveries of the 
time are not thus trumpeted forth in 
advance. He puts the hasty unthinking 
multitude for the whole body, and is apt 
to dgnore even what is really ac- 
complished by these noisy vaunters of 
their own powers. He does a double 
injustice, but it is certainly done under 
provocation. Yet it is safe to say that 
on personal acquaintance few men stand 
higher, even with those who have no 
technical knowledge of their business, 
than honest and modest searchers in this 
particular field of investigation, though 
it is their misfortune to be handicapped 
by a name that to many persons suggests 
a certain want of balance, and a tendency 
to over-sanguine and exaggerated state- 
ment. 

The practical importance of a recogni- 
tion of the faults most common to a class 
lies in the hope of their amendment. 
Those which have here been pointed out 
are clear and can not be disputed. 
They are not of asort that require argu- 
ment to prove the desirability of a 
change, but each one carries on its face 
the stamp of its character, and would be 
hard put to it to find even that good 
side in which hardly anything is wholly 
deficient. The absolute waste of useful 
energy, frittered away and brought to 
nothing for want of proper direction, is 
almost incalculable, and could a tangible 
showing of it be made at the year’s end, 
the lesson so taught would be as im- 
pressive as ever came from tongue or 
pen. 


OF WAVES BY LATERAL DE- 


FLECTION UNDER LEE OF BREAKWATERS. 


By THOMAS STEVENSON, F. R. S, E. 


From “ Nature.” 


WHEN a wave encounters an obstacle, 
such as a breakwater, the portion which 
strikes it is either entirely destroyed or 
reflected seawards, while the portion 
which is not so intercepted passes on- 
wards, and, spreading laterally under lee 


of the barrier, suffers a reduction of its 
height. In the second edition of my 
book on Harbors I expressed regret 
that no attempt had been made, so far 
as I was aware, to obtain any numerical 
value of this reduction of height derived 





either from theory or experiment, al- 
though the extent of shelter which is to 


be gained by the erection of our great | 


national breakwaters depends entirely 
upon its amount. 

From a few observations taken in the 
sea under lee of the breakwater in Wick 
Bay, and from some experiments made 
in a large brewer’s cooling vat, it ap-| 
prared that after passing round an ob- 
struction the reduction in the height of’ 
waves varied as the square root of the| 
angle of deflection. The approximate | 


formula given in my book was 


x= 1.00 — .06 ,/ a 


ratio of the re-| 


where x represents the 
wave, and a the 


duced to the unreduced 
angle of deflection. 

On a recent visit to North Berwick, 
the finely-curved storm and tide marks, 
traced out on the sandy beach under lee 
of the promontory at the harbor, re- 
minded me of some observations I had 
made many years ago at other parts of 
the Firth of Forth. These observations 
which were, however, very imperfect, | 
had for their object the determination of | 
the reduction of the waves by ascer-| 
taining the positions in reference to the 
center of divergence of different parts of | 
the line of high water mark where, of | 
course, all the wave forces become vil. 
If a beach throughout its whole extent 
consists of easily moved materials, such 
as sand or gravel, the incursion made at 
any one place by the sea will obviously 
depend upon the force of the waves 
which reach the shore at that place, pro- 
viding the materials of the beach are 
homogeneous. In other words, the 
heavier the waves at any part of the) 
shore the farther inland will the high-| 
water margin retire beyond the tide| 
mark of more sheltered places. And| 
where the waves vary in height owing) 
to some local cause, as, for example, the | 
existence of ashelteriag promontory, the | 
high water mark, instead of being straight | 
and parallel to the prevalent waves, will | 
assume a curved outline. 

At North Berwick the projecting pro- | 
montory at the harbor, shelters a small | 
bay, or rather bight, from the heaviest | 
waves that fall on that part of the coast. | 
The waves, therefore, are deflected at 
the pierhead, from which point as a cen-| 
ter, each section of every wave, taking| 
Vout. XVIL—No. 6—33 
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| deflected. 


R LEE OF BREAKWATERS,. §13 
its own divergent direction, runs its 
course till its energy is expended at high 
water mark. The maximum effect on 
|the beach will consequently be in the 
line of direction of the undeflected swell, 
and the minimum effect will be in the 
| direction of the landward end of the pro- 
/montory where the waves are most de- 
flected from their natural course. Under 
these conditions, supposing the particles 
of sand to be of uniform size and of the 
same specific gravity, the high water 
margin must assume, as it does at North 
Berwick, a curved outline owing to the 
inequality produced by deflection on the 


| height of the waves. 


If the distance between the pierhead 
and the high-water mark, measured par- 
allel to the usual direction of the unde- 
flected swell (shown by the arrow in the 
diagram), be assumed as unity, that dis- 
tance may be regarded as the measure of 
the amount of work that the undeflected 
part of the wave has been able to do, 
inasmuch as its force has been wholly 
expended within that distance in driving 
the beach landwards. The varying lesser 
distances between the same point and 
other parts of the high water mark may, 
in like manner be regarded as represent- 
ing the work that has been done by the 
varying lesser forces exerted by the 
different parts of the wave after ‘being 
It is, no doubt, true that the 
undeflected wave has the full force of 
the wind to help it, while the deflected 
has not; but in so far relates to the 
engineering aspect of the question this 
effect, even though it had much 


as 


h been 
greater than it is, would be of no im- 
portance, as the same conditions hold 
true with an artificial as with a natural 
breakwater. 

I may mention in corroboration of the 
views that have been expressed that in 
the course of my practice as an engineer 
i have, at different exposed parts of the 
coast, had occasion to fill up a small creek 
with soft materials produced by works 
of excavation at an adjoining part of the 
shore. Inthe course of time the whole 
of these artificial deposits have, in every 
instance, been removed by the waves, 
and the former line of high-water been 
restored. By analogy, therefore, we 
must believe that if the bay at North 
Berwick were in like manner filled up 
artificially with sand as far seawards as 
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the pierhead, we should find, after a cer- 


tain number of storms had occurred, that 
the whole of the sand had been washed 


out and the former line of high-water 


reproduced. If this be true, then the 
different distances between the pier-head 


and the high-water mark at North Ber- | 


wick may justly be regarded as the 


measures of the varying forces of 
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different sections of the deflected wave 
under lee of the promontory. 


The first column in the accompanying | 
angles of deflection, | 


table shows the 
while the second gives the measurements 
from the pier-head to the high-water 
mark as taken from the Ordnance map 
of North Berwick. The directions in 
which these measurements were taken 
are represented by dotted lines on the 
accompanying woodcut. The third col- 
umn shows the ratios of those measure- 
ments to unity. The fourth column 
gives the ratios of the heights of the 
deflected wave calculated by the formula 
x=1—.06,/a, and the last the plus 
and minus differences. Though the 
employment of the square-root of the 
angle may perhaps be regarded as some- 
what unusual, the formula as given is 
nevertheless more convenient for use than 
a logarithmic spiral formula, which 
might give nearly the same results. 
(See Table on following column.) 

Although it is possible that the agree- 
ment cf the measurements with the re- 
sults calculated by the formula may turn 
out to be to some extent accidental, yet 
the results can hardly be regarded as 
very far from correct. And in a case of 
such importance to the maritime engineer 
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|where we have so very few direct ob- 
; servations of the waves in the open sea 
(to guide us, and where it is undeniable 
|that all such observations are invariably 
|found to be excessively difficult to get, 
jand even when got prove often unsatis- 
factory, any contribution to our knowl- 
edge, however imperfect, may be con- 
| sidered of some value; and all the more 
| when, as in this case, the curve traced 
out on the beach is the result of long 
| continued action produced by innumera- 
ble storms. 
ape 

Tue trustees of the British Museum 
are in treaty, says the Anthencwum, for 
{the purchase of a copy of the largest 
| book in the world. Towards the close 
of the seventeenth century the reigning 
Emperor of China appointed an Imperial 
Commission to reprint in one vast collec- 
tion all native works of interest and im- 
portance in every branch of literature. 
In the beginning of the following century 
the Commissioners completed their 
labors, and were able to lay before the 
| Emperor a very palpable proof of their 
| diligence in the shape of a compilation 
| consisting of 6,109 volumes, entitled 
“Kin ting koo kin too shoo tseih ching,” 
or “ An Illustrated Imperial Collection 
of Ancient and Modern Literature.” 
Only a small edition was printed off in 
the first instance, and before long the 
greater part of the copper types which 
|had been cast for the undertaking were 
'purloined, and the remainder were 
coined into cash. The trustees of the 
British Museum have entered into nego- 
| tiations for the purchase of a copy, just 
| offered for sale at Pekin. 
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SPONTANEOUS COMBUSTION IN FACTORIES AND SHIP3S. 


By CHARLES W. VINCENT. 


C.S 


F.R.S.E., F. 


From “ Journal of the Society of Arts.” 


Srrictty speaking, there is no such 
phenomenon as spontaneous combustion. 
The inflammation of various organic and 
inorganic substances without the imme- 
diate contact of any ignited matter, 
which has given rise to the term, is, 
nevertheless, as certainly the result of 
some direct act or acts which can be ac- 
curately traced, as is the firing of a luci- 
fer match when struck on a rough 
surface. 

The discovery of what the active 
agents are, and the circumstances under 
which they occasion visible ignition, has 
long been the subject of research, and, 
one by one, they have been so fully in- 
vestigated that there should be little 
difficulty in at once assigning the specific 
cause to every species of “spontaneous 
combustion.” It is, nevertheless, so 


difficult to shake off the trammels of in- 
correct observation, and theory founded 


thereon, that there are even now many 
cases in which combustible substances 
catch fire, in spite of great precaution 
having been taken to prevent such catas- 
trophes, and this because care and atten- 
tion has been wholly directed to prevent 
something which is not likely to take 
place, and no thought has been given to 
that phenomenon upon which all com- 
bustion, as is commonly understood, de- 
pends, #.e., the combination of the com- 
ponents of the combustible body with 
oxygen. 

It is not here intended to treat of fires 
arising from friction of machinery; 
lighting of explosive gases or vapors; 
the action of the sun’s rays through un- 
intentionally disposed lenses, such as 
may be formed by glass globes filled 
with water or knots in a pane of glass; 
firing of disseminated flour, or cotton, 
&c.; but to examine some of those cases 
when starting with the combustible at 
the ordinary temperature, it gradually 
becomes hotter and hotter, and at last 
takes fire without, to the unscientific ob- 
server, any apparent reason for its so 
doing. 

Many animal and vegetable substances 
heaped together in a large mass, when 


' motion, 


neither too wet nor too dry, are liable to 
take fire by the heat produced by their 
own decomposition. Haystacks often 
afford examples of this. Heaps of any 
dry fibrous vegetable material, or of dry 
wool, cotton, cloth, calico, paper, saw- 
dust, &c., when smeared with grease, 
oily matter, or particularly a drying oil, 
such as linseed, and left undisturbed in 
a warm dry place, are tolerably sure to 
be consumed by fire. Coal, piled in 
quantity, and left too long in one place, 
or confined in great bulk in the hold of 
a ship on a long voyage, frequently be- 
haves in a similar way. A comparison 
of the conditions under which the spon- 
taneous combustion of these three classes 
of bodies—viz., damp organic matter, 
dry oily organic matter, coal—takes 
place, may be useful by suggesting the 
means of preventing them from happen- 
ing. 

In a rough way, we may describe heat 
as being the effect of a blow upon an im 
moveable body. A nail on an anvil 
struck by a hammer becomes hot, the 
visible motion of the hammer is convert- 
ed into the invisible ‘mode of motion ” 
(to use Dr, Tyndall’s happy phrase), 
heat. If the nail were perfectly free to 
move, the blow would produce no heat. 
A wave of the hand in the air, though 
made with the exertion of the utmost 
muscular power, produces no sensible 
heat, because the air is set in motion. 
The same force applied to strike a blow 
upon enclosed air—as, for instance, in 
the fire syringe, or in a force-pump— 
produces a very sensible quantity of 
heat. The air is less free to move, and 
the heat produced is in proportion to 
the destruction of its motion. Were we 
to follow out, to its fullest extent, the 
effect of the blow on the free air, we 
should find that heat resulted here also; 
vach particle of air struck drives before 
it the particles surrounding it. But, 
though air is very mobile, it is not per- 
fectly so; amongst other restraining 
agencies, it is somewhat held together by 
the force of gravitation. The circle of 
gh extensive, still has its 


though 
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limits; 
is, therefore, not imparted to the sur- 
rounding molecules, and the amount of 
force which thus disappe: ars is manifested 
as heat, but the concussions, being feeble 
and spread over a large space, are imper- 
ceptible to our senses. The resulting 
heat is, nevertheless, quite as great in 
quantity as when the air is struck in a 
chamber with rigid boundaries. 

Imagine a vessel devoid of air, to 
which air is suddenly admitted; the air 
will rush in, will strike against the side 
of the vessel, its motion will be arrested; 
the force which produced that motion 
cannot be destroyed, it is converted into 
heat. 

Freshly burnt charcoal is as a vacuous 
chamber to many gases, since it has the 
power to condense within itself many 
times its volume of some of them. The 
falling in of these gases and their con- 
densation is a succession of blows fol- 
lowed by a stoppage of motion, heat is 
produced, and in some cases makes its 
presence unpleasantly manifest. Con- 
densation of a gas, by whatever means, 
implies application of force followed by 


cessation of visible motion; every such 


condensation must, therefore, produce 
heat 

Freshly reduced iron is in a similar 
way vacuous to oxygen. If the iron is 
so finely divided as to afford room for 
the gas to strike a sufficient number of 
blows at it, the clashing of the atoms 
produces enough heat to raise the tem- 
perature to that at which chemical com- 
bination of the iron and oxygen can take 
place, and this with so much rapidity 
that the metal takes fire and burns 
spontaneously. 

In the instances already given heat is| 
clearly the product of physic al action. 
The heat produced by chemical combina- 
tion is also the result of blows given and 
received. The stroke of a hammer con- 
centrates and expends a certain amount 
of force in one blow; friction expends 
the same amount of force in producing 
a succession of blows less in intensity; 
in condensation by charcoal the gas ex- 
pends force in producing a succession of 
blows, still feeble, but infinitely more 
numerous. When a substance burns in 
air, the action which takes place is of 
precisely the same character, the blows 
being, however, indefinitely multiplied. 


the full force of the blow received | 
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The combustible is first heated to a 
particular temperature, varying in differ- 
ent substances, called its point of igni- 
tion; to continue burning it must con- 
tinue at this temper rature; if cooled be- 
low this point the combustion would not 
be maintained. The initial temperature 
is that at which the particles of the 
| bodies uniting receive sufficient momen- 
tum, when the molecules of oxygen and 
the combustible rush together: 

At the moment of combination their 
motion is checked and converted into 
heat and light. The greater the rapidity 
of the action the more intense is the 
heat, and the less its duration; the slower 
the action the more feeble is the heat, 
and the greater its duration. The quan- 
tity is in each case precisely the same. 

This meeting together of the atoms of 
bodies is an expenditure of force; a com- 
bustible in burning loses something; the 
chemist of the past century termed it 
“ phlogiston,” those of to-day “energy.” 
The heat produced is something more 
than that due to the condensation in 
volume; this surplus is the heat due to 
the loss of energy. 

Heat and energy are equivalent values. 
All the elementary bodies have a specific 
power of performing work; if this power 
is lessened, as it is when they enter into 
combination with each other, it is less- 
ened by the expenditure of part of their 
power for doing work, and heat results. 
| The combinations so formed may be 
| broken up and reconstituted by the ac- 
| cession of some element or combination 
of elements, whose power of working is 
not exhausted, and again heat may be 
}evolved, but at last a point is reached 
| when the constituents of a body have 
lost all power of motion, and then no 
|further change can take place till they 
are torn asunder, and their energy re- 
stored. This can be done by heat; given 
a sufficient amount of heat, there is no 
compound whose constituents are so 
tightly bound together but that they 
would fly asunder. 

The heat developed by the disruption 
of any compound substance capable of 
combustion is exactly equivalent to the 
amount of heat absorbed in its construc- 
tion. The heat developed by the com- 
bination of elements is exactly equal to 
the amount of heat required to tear them 
apart if once united, and no change of 
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constitution of any substance can take 
place without a certain amount of heat 
being either absorbed or evolved. If 
the substance undergoing this whange 
were formed by the expenditure of a 
large amount of heat, and is passing into 
combinations which can be formed by 
the expenditure of a less amount of 
heat, then heat is evolved; and if this 
change of state takes place with rapidity, 
incandescence ensues. If, on the other 
hand, during the formation of the com- 
pound, heat was evolved, then, in order 
to bring its components into their origi- 
nal state, the same amount of heat must 
be restored which they parted with 
when they entered into combination. 
There is a powerful factor which can 
restore to many burnt (that is combined) 
elements their original working power, 
by enabling them to absorb gradually, 
and by slow degrees, the amount of heat 
expended in their combination; this is 
vegetable life. The seed, the plant, the 


tree, derive all their sustenance from 
tightly combined elements, which they 
combine to a more complex, but a more 
loosely held together state; in point of 


fact they bring them more nearly to their 
elementary condition. Plants do this 
by absorbing the radiant heat of the 
sun, and by some incomprehensible 
action of that mysterious power, “ life,” 
bringing it to bear upon the inert com- 
pounds in the air and the soil. 

So long as a plant is living the heat 
which falls upon it, if not so great in in- 
tensity as to be incompatible with the 
life of the organism, is absorbed and 
stored up in the complex, yet feebly 
combined, substances which form woody 
fibre, starch, the vegetable juices, &e. 

Walking on a midsummer evening be- 
side a grove of trees which has been 
exposed all day to the glare of the sun, 
no heat is felt; placing a hand on the 
trunks of the trees, or on the leaves, 
they are found to be of the same tem- 
perature asthe air; the heat has all been 
absorbed; but touch a dead trunk which 
has been exposed to the same sun, and, 
though it has been some time shaded, it 
will be found to be hot; the heat which 
fell upon it is now radiating back into 
space. At the foot of Drayton park, 
Highbury, is a crescent of houses upon 
which the sun falls fora great part of 
the day; on setting oneself in the focal 
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point of the crescent some time after the 
sun has gone down, the concentrated 
rays of heat make the position conspicu- 
ously hotter than the rest of the street. 
Dead or mineral matter is incompetent 
to store up the solar heat, or in any way 
to make it available for chemical decom- 
position. The work of the sun, unassist- 
ed by life, is purely mechanical. <A veg- 
etable whilst alive eagerly absorbs heat, 
using it for “unburning” burnt matter, 
but so soon as the life has departed, the 
dead body appears as eager to part with 
the heat it had gathered; the elements 
composing its structure are, as it were, 
rejoicing in their new powers, and are as 
eager in their turn to enter into more 
fixed states, in doing which they will 
part with the heat lately bestowed upon 
them. It is for this reason that sub- 
stances of vegetable origin are liable to 
spontaneous combustion. From the mo- 
ment that life is extinct decay (which is 
really only another term for combustion) 
sets in, carbonic acid, water, &c., are 
evolved, the plant crumbles into a black- 
ish brown mould, and is ultimately en- 
tirely destroyed. In the course of this 
change, the whole of the heat which had 
been collected by the plant is dissipated. 
It need not, therefore, be a matter of 
surprise that bodies containing so much 
bound up heat as do vegetable fibres of 
all kinds, more particularly hay, cotton, 
&e., coal of all kinds, oily rags, greasy 
sawdust, varnish rags used by painters 
and polishers, the waste at railway lamp 
stores, &c., should be particularly liable 
to take fire when stored in bulk. 
Spontaneous combastion of these sub- 
stances can only take place when they 
are so packed that small increments of 
heat may be stored up. If they are 
freely exposed to the air, the heat evolv- 
ing action which goes on with it may be 
increased rapidly; but, as when the hand 
is waved in mobile air, the infinitesimal 
blows are free to rebound and react over 
so large a space that their effect is dissi- 
pated. But when their striking space is 
limited they act like the struck air en- 
closed in the fire syringe, their heat mo- 
tion is intensified by concentration, and 
ultimately throws the whole mass into 
such commotion that the moving power 
of the molecules is manifested as light as 
well as heat. 
But there must be a beginning to this 
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heat motion. Oiled rags and bodies of 
that kind derive the initial movement 
from the oxydation of the oil. Perfectly 
dry vegetable fibre at ordinary tempera- 
tures oxydises extremely slowly, it is 
practically indestructible by atmospheric 
oxydation. Mummy cloths possess much 
strength after the lapse of two or three 
thousand years. Oils, however, are 
formed at the expense of a still larger 
amount of heat than vegetable fibre, the 
elements comprising them are combined 
much more loosely, and they are conse- 
quently ready to form more stable com- 
pounds, and release their bound up heat 
on very slender provocation. Oils ab- 
sorb oxygen with great avidity, becom- 
ing viscid, and, in the case of drying 
oils, solid. In doing this they give out 
heat, which is due partly to the conden- 
sation of the oxygen, and partly to the 
carbon and hydrogen of the oil having 
by combination with the gas lost part 
of their energy, in fact they have been 
partially burnt. 

In a heap of oiled rags, 
dust, or matters of that kind, air, though 
not excluded, has only limited access to 
the center, the heat of oxidation is not 
there carried off by convection currents; 
and though not at first great, goes on 
increasing, because it is surrounded by 
barriers of non-conductors, 7.¢., bodies 
incapable of transmitting the heat mo- 
tion, and so spreading it over a larger 
area, until at length it reaches a tem- 
perature of about 323° C., when the oil 
takes fire, and speedily fires the whole 
mass of which it is a part. The com- 
bustion being caused by absorption of 
oxygen, it is sufficient to exclude the air 
from the oily materials in use in factories, 
to effectually prevent their becoming so 
hot as to take fire. 
parallel, the oils are vacuous to oxygen, 
absorb it with great rapidity, become 
hot, and the finely divided vegetable 
fibres become sufficiently hot to enter 
into combination with the oxygen on 
their own account. 

In the spontaneous firing of hay-stacks, 
there is no oil to act as an absorber of 
oxygen, and thus to raise the tempera- 
ture to that point at which the mutual 
action of the fibre and gas can take 
place. Here water isthe active agent, 


greasy saw- 


though not in the sense in which it is| 


commonly supposed to operate. 
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To revert to our| 


It was formerly held that plants un- 
derwent decomposition by direct ab- 
sorption of oxygen from the air, and 
that the effect of water in promoting 
the action was to soften the tissues, and 
allow free access of the air to fresh sur- 
faces, as those acted upon fell away. 

Thoroughly dry wood and thoroughly 
dry hay are safe from destruction by 
fermentation, decomposition, or “ ere- 
macausis,” as it is termed somewhat in- 
differently by various writers. But add 
water to the woody fibre, and the 
change takes place with greater or less 
rapidity, occurring most rapidly in young, 
spongy plants, which admit the air 
freely, and contain a good deal of al- 
buminous matter more slowly in slow 
growing hard woods. 

Fermentation produces heat, and, if 
the heat is shut in by non-conducting 
matter, as it is in a haystack, it will, 
under favorable circumstances, accumu- 
late to such an extent as to cause the 
hay to take fire; and as fermentation 
cannot happen unless moisture is present, 
the water is, therefore, blamed for the 
combustion. This view, however, does 
not express the whole truth. Carbon 
combining with oxygen to produce car- 
bonic acid evolves 7,900 units of heat 
(Andrews), this unit being the quantity 
of heat required to raise one kilogram 
of water 1° C. This amount is invaria- 
ble. ‘ 

Grass, when growing in the field, is 
covered with numberless microscopical 
organisms, whether vegetable or animal 
matters not for our present purpose; it 
is sufficient to state that amongst their 
number are very many which, in the 
course of their growth, consume oxygen 
and give off carbonic acid in great 
quantity, and derive their nutriment 
from substances of vegetable origin. 
‘Such organisms as these are the active 
agents in every kind of decomposition 
by fermentation. 

If hay were stacked immediately it 
was cut, it would, in a very short time, 
become mouldy; its organic structure 
would be broken up by the feeding 
upon it of the parasites which prey 
upon it, and its power of affording nu- 
triment to cattle would entirely disap- 
pear. Experience, gained in the re- 
motest ages, has taught the farmer that 
these detrimental effects can be entirely 
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stopped by the process called “curing 
the hay,” z.e., by choosing hot weather 
in which to cut the grass, and then al- 
lowing it to remain exposed to the sun’s 
rays until it has become thoroughly dry. 
Such hay not only keeps perfectly good, 
but does not take fire, however long it 
may be stacked. 

What has the farmer done? He has 
by evaporation removed the water from 
the interior of the stalks and leaves, and 
has by so doing cut off from the germs 
of ferment the means of absorbing into 
their own organizations the sustenance 
which the grass would otherwise have 
afforded them. but he has done some- 
thing more than this. He has, by ex- 
posing the grass to the high temperature 
of the summer sun, destroyed the life in 
a very large number of the germs them- 
selves. Whilst the was living, 
they were preserved from the intensity 
of the heat, by reason of its absorption 
by the grass; but, so soon as the grass 
was cut, it lost its power of gathering up 
the heat, so that by far the greater part 
of the germs have ali chance of 
doing further mischief. 

Hay, properly cured, is not 
damaged, even if afterwards partially 
moistened while be ing@ stacked, nor is it 
liable to take fire. Suppose, however, 
that the hay, instead of being thoroughly 
dried, was stacked whilst still damp; or 
that though dry, it had not been exposed 
long enough to the sun’s rays to kill the 
larger part of the microscopical germs, 
and subsequently was accidentally wet- 
ted. The germs would grow, would 
throw off millions of offshoots, would 
prey upon the grass, drink the water, 
and breathe the oxygen, which, however 
closely packed the hay may be, neverthe- 
less penetrates to the innermost recesses 
of the stack. In doing all this, they 
would produce carbonic acid, and this 
fact alone is sufficient to prove that heat 
must be generated, since carbon and 
oxygen cannot combined without 
giving forth heat, any more than ear- 
bonic acid can be broken up by the 
plant without absorption of heat. 

The ferment germs also induce other 
dangers of the vegetable structure in 
which heat is evolved, but if their forma- 
tion of carbonic acid stood by itself, it 
would be sufficient proof that they are 
heat-producers. 
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Fermenting germs feed by choice on 
the juices of the plant; this peculiarity 
of their growth aids spontaneous com- 
bustion, Inasmuch as it leaves a large 
part of the carbon in a fine state of 
division and the better able to condense 
and combine with oxygen. 

The center of a fermenting hay-stack, 
when on the point of combustion, is 
blackened as if charred, and a sudden in- 
flux of air is almost certain to cause it to 
blaze. This is well known by farmers, 
and if on testing a suspected stack (by 
thrusting into it an iron rod and with- 
drawing it) they find the middle danger- 
ously hot, they admit air to cool it by 
degrees, and with much caution. 

The heat produced by the germs has 


no means of escape; it therefore accu- 
mulates, and at last, as in the case of the 
oily waste, varnish, rags, &c., a tempera- 
ture is reached at which the woody fibre 
and oxygen cali combine directly, \ i\ id 


ignition takes place, and conflagration 
of the whole stack ensues, 

That this is the real course of 
and that water, without germs, is power- 
less to set hay, cotton, jute, other 
woody fibres on fire, is indirectly proved 
by the mode of making a hot-bed prac- 
by gardeners when manure is 
scuree. Hay ing taken a quantity of hay 
sufficient for the required purpose, this is 
spread out in a thin layer, and, according 
to the weather, watered several times a 
day for several days, or perhaps a week. 
It is then raked together in a heap, and 
left to ferment, and becomes hot 
enough to be used for the required pur- 
pose. Or, a space of ground the size of 
the intended hot-bed is*covered with a 
thin layer of hay, and watered; after a 
short time a second thin layer of hay is 
put on and watered, and so on until the 
hot-bed has the required depth; the frame 
is then put on, and in a short time a very 
high degree of heat is attained. 

If water were the only thing required 
to set the fermentation at work, it would 
surely be suflicient to water the heap 
when thrown together, but this is found 
tu be inadequate to cause the hay to be- 
come heated. Why? Because the hay, 
if properly cured, has had so many of the 
germs killed that enongh do not-remain 
to start and keep.up an active fermenta- 
No doubt, in time, the whole 
ferment. but it would not 
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do so until fresh germs had been 
ported into the h sap, or the few that re- 
mained had time to multiply. When 
the hay is spread out in a thin layer, a 
large number of germs settle upon it, 
and when afterwards heaped up. the 
greater part are carried to the middle of 
the heap, where the heat can be retained, 
instead of being for the most part on the 
outsides as they would be if the hay 
were piled up before it was watered. 
Since then the heat which fires a hay- 
stack is the result of oxydation produced 
by fermentation, and inasmuch as it has 
been abundantly proved by Pasteur and 
others, that fermentation is decomposi- 
tion of organic structures brought about 
by the growth and multiplication of 
living organisms, whose seed is ever 
floating in the air, it necessarily follows 


that to these minute seeds the combustion | 


is due. 

Thanks to the indefatigable exertion 
of our foremost scientific men, the 
world at large is at least beginning to 
appreciate the immense power of de- 
struction possessed by these living crea- 
tures, some of whom, though so minute 
as to be invisible to the human eye when 


assisted by the most powerful microscope, | 


van yet light up a beacon to alarm a 
whole country side; whilst others of 
their brethren can in a few weeks devas- 
tate a continent, killing more cattle and 
men than would fall in an extensive, 
prolonged, and bloody war. 

The most serious cases of spontaneous 
combustion are in ships carrying coal. 
These have, of late, been so numerous, 
and have so often occurred in despite of 
manifold precautions, that a Royal 
Commission was recently appointed to 
make inquiry into the causes of these 
terrible catastrophes, and to suggest 
remedies which it may be possible to 
adopt for preventing and guarding 
against them. Numerous Board of 
Trade inquiries had already been made 
into casualties caused by explosions or 
fires in coal-laden vessels, but without 
any improvement in the safety of ship- 
ment resulting therefrom, until, at length, 
the Board declined to hold any more, for 
the reason that the findings of their 
courts (which invariably took the form 
of an exoneration of the ship’s officers, 
and a recommendation in favor of better 
ventilation) appeared to be entirely dis- 
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im-| regarded, both by shipping and under- 


writing interests. 

It was evident, from this state of 
things, that the coal shippers conceived 
that they knew more of the causes of 
these accidents than did the assessors of 
the Board of Trade. The Salvage Asso- 
ciation thereupon urged that an inquiry 
should be held by a Commission, consist- 
ing of men of high scientific attain- 
ments, and especially acquainted with 
the nature of coal in all its conditions, 
and of men practically acquainted with 
coal, both at the pit and in the ship’s hold. 
They pointed out that the result might 
be to fix, with a certainty absolute or 
qualified, the causes of this dangerous 
combustion, thereby attaching to proper 
persons the responsibility for due pre- 
cautions. 

The Commission sat, and has now 
issued its report, from which much valua- 
ble information as to the nature of these 
disasters can be obtained, and, to a cer- 
tain extent, modes of preventing them, 
though this part of the subject still re- 
quires most serious consideration, since 
at present the carriage of coal for a long 
distance at sea must be regarded as 
hazardous, whatever precautions may be 
adopted. 

At the commencement of the inquiry, 
they were struck by the circumstance 
that by far the greater part of the casual- 
ties happened on board ships which were 
on long voyages. In 1874, among 
31,116 shipments, amounting to upwards 
of 13,000,000 tons of coal, the accidents 
were But, of these shipments, 
26,000, amounting to over 10,000,000 
tons, were to European ports. This left 
60 casualties among only 4,485 ship 
ments, amounting to 2,955,831 tons of 
coal, to Asia, Africa, and America. 


70. 


Again they were startled to find that 
the proportion of casualties traceable to 
spontaneous combustion increases, par 
passu, with the tonnage of the cargoes. 
This becomes still more apparent when 
the European trade is deducted. 

There were in 1874: 

2,109 shipments with cargoes under 500 tons 
in which 5 casualties occurred—or under 4 
per cent, 

1,501 shipments with cargoes between 500 
tons and 1,000 tons, in which 17 casualties 
occurred, or over 1 per cent. 

490 shipments with cargoes between 1,000 and 
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1,500 tons, in which 17 casualties occurred, 

or 34 per cent. 

308 shipments with cargoes between 1,500 and 
2,000 tons, in which 14 casualties occurred, 
or over 44 per cent. 

77 shipments with cargoes over 2,000 tons, in 
which 7 casualties occured, or 9 per cent. 
The casualties in vessels bound to San 

Francisco were the most remarkable. 

Deducting vessels under 500 tons (in 

which no cases of spontaneous combus- 

tion were recorded) the returns show 9 

casualties out of 54 shipments. These 

also increase in proportion to the tonnage 

of the cargoes, till we find that out of 5 

ships with cargoes of over 2,000 tons 

sent to San Francisco in 1872, 2 suffered. 

Careful thought might have predicted 
results of this kind, from a consideration 
of the nature of the substance carried, 
the mode of carriage, and the place to 
which it was going. 

So long ago as 1852, Graham pointed 
out that the tendency of coals to spon- 
taneous ignition is increased by a moder- 
ate heat, and gave examples. For in- 


stance, in one case coal had taken fire by 
being heaped for a length of time 
against a heated wall, the temperature 
of which could be easily borne by the 


hand; in another, coals ignited spontane- 
ously after remaining for a few days 
upon stone flags covering a fiue, of 
which the temperature never rose be- 
yond 150° Fahr. Coals thrown over a 
steam-pipe ignited, &c. At the Charter- 
ed Gas Works, coals piled against a 
brick wall two feet thick, of which the 
temperature did not exceed 120° to 140° 
Fahr. became ignited. Neither did it 
appear to matter whether the coal was 
Lancanshire and sulphurous, or Walls- 
end and bituminous. If they were ex- 
posed to this very moderate heat for a 
short time they were sure to ignite. 

Coals conveyed through the tropics 
are certainly put in this state of danger. 
When coal takes fire spontaneously, it is 
invariably in the center of the heap of 
small coal at the foot of a hatchway, or 
in the middle of the cargo, in this 
respect resembling the spontaneous com- 
bustion of haystacks, oily waste, &ce., 
and from hence it may be inferred that 
the increments of heat which cumulate 
in vivid combustion are very small, since 
they require to be held prisoners by im- 
passible barriers of non-conducting mat- 
ter, or they would escape. 


COMBUSTION. 

Coal in small quantity, and in a cool 
place, never ignites spontaneously, but 
it does not, therefore, follow that all the 
conditions leading up to spontaneous 
combustion are absent, but only that one 
of them, and that an all-important one, 
the means of accumulating of heat, is 
absent, since the barriers interposed to 
its escape are not sufticiently close-fit 
ting. 

The large ships to San Francisco had 
to encounter elevated temperature, and 
at the same time the coal was in great 
mass; they were, therefore, much more 
liable to accident than those carrying 
smaller quantities, and for shorter dis- 
tances. 

It has already been pointed eut that, 
whilst wood is living, moderate heat, so 
far from causing its destruction, pro- 
motes its growth; it is the heat which 
disappears, not the plant. When thx 
wood has ceased to live, moderate heat 
dries up its juices, renders it brittle, and 
ultimately causes its complete disinte- 
gration and combustion if air is supplied, 
though the process is exceedingly slow. 
Some years ago, the sawdust packing 
round a steam pipe at the Queen’s 
Printing Office, Shacklewell, was found 
to be charred. Wooden beams resting 
against hot plates which never reach the 
boiling point of water, are sometimes 
found to be charred, but oxygen being 
of necessity excluded by the position of 
the wood, combustion does not happen 

At the ordinary temperature of thi 
air, oxygen has little action upon 
wood that it is practically indestructibl 
In coal, however, the wood has under- 
gone changes which render it far more 
readily affected by the oxygen of the air 
than it was heretofore, and it must be 
borne in mind that if once a combustion 
is sufficiently rapid to overcome thi 
cooling effect of currents of air, it will 
proceed with increased vigor, and the 
ignited coal will burn, not only in the 
interior of the cargo or heap, but on its 
surface also. Knowing, then, that coal 
if kept in bulk at a temperature slightly 
raised above the common is sure to ig- 
nite, the question still remains,—lHow 
it attain the degree of heat at 

active combination can take 
place? And at what temperature do 
the combinations of the carbon and 
oxygen, the hydro-carbons and _ thx 


sO 
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oxygen begin to take place? In other 
words, what is the temperature of the 
initial point of the combustion, and how 
is it reached ? Many explanations have 
been given. The well-known fact that 
heaped-up iron pyrites in shale, when 
wetted, often causes the combustion of 
the pile, as in alum making, has been 
used as an argument against the ship- 
ment of “brassy” coal, é.e., coal con- 
taining these pyrites. But, supposing 
this were so, and that the pyrites were 
disseminated through a part of the cargo 
in sufficient quantity to cause evolution 
of heat when wetted, this would account 
for but a small number of the cases of 
spontaneous combustion of coal, since by 
far the larger number happen with coal 
free from pyrites. 

Condensation of oxygen by carbon, 
which was referred to at the outset of 
this paper, is a far more likely mode of 
attaining the initial temperature. This 
is pointed out by Professor Abel and 
Professor Perey in the appendix to the 
report of the Royal Commission. As 
already stated, carbon, in a_ finely- 
divided state, has the power of con- 
densing oxygen within its pores; now, 
to condense a force consumed 
and heat is produced. In the fire-syringe 
a piece of tinder is set on fire be the 
heat evolved by the condensation of the 
air. When charcoal condenses oxygen 
heat is liberated, and if the charcoal is 
freshly burned, the rapidity of the action 
will produce such an amount of heat as 
to cause the chemical combination of the 
oxygens and carbon, when, of course, 
combustion takes place with evolution 
of light and heat. The initial tempera- 
ture of the action is here due to the sud- 


gas is 


den squeezing together of the gaseous | 


molecules, for if the air be admitted to 
the freshly-burned charcoal by slow de- 
grees no combustion takes place. 

The Appendix suggests : 

“The tendency to oxydation which 
carbon and carbon compounds, existing 
in such a substance as charcoal, possess, 
is favored by the condensation of oxygen 
within its pores, whereby the very inti- 
mate contact between the carbon and 
oxygen particles is promoted. Hence 
the development of heat and the estab- 
lishment of oxydation occur simultane- 
ously; the latter is accelerated as heat 
accumulates, and chemical action is thus 
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promoted, and may, in course of time, 
proceed so energetically that the carbon 
or carbo-hydrogen particles may be 
heated to igniting point. 

| This explanation has a direct bearing 
upon a spontaneous ignition of coal. 
The more porous and readily oxydizable 
portions of coal, which are known to be 
more or less largely disseminated through 
seams from different localities, undergo 
oxydation by absorption of atmospheric 
oxygen, and by the exposure of large 
surfaces to its action, and the heat de- 
veloped by that action, will accumulate, 
under favorable conditions, to such an 
extent as soon to hasten the oxydation 
and the consequent elevation of tempera- 
ture, until some of the most finely 
divided and readily inflammable portions 
actually become ignited.” 

Water does not assist in the spontane- 
ous combustion of coal, except where 
pyrites are concerned. There is much 
misunderstanding as to the part played 
by water in the changes leading to spon- 
taneous combustion. The water itself is 
not decomposed, as some people have 
imagined. The heat evolved during the 
combustion of hydrogen and oxygen, 
during their combination to form water 
(the heat of the oxy-hydrogen blow- 
pipe) must be supplied before they can 
be again torn apart, so that, so far from 
water being a producer of heat, it is 
likely to be a consumer. 

Moreover, experiment goes to prove 
that coal requires no initial temperature 
for its combustion, and that the supposi- 
tion of condensation by porous coal, 
though it may take place, is unnecessary 
for its spontaneous combustion. The 
ties holding the constituents of coal to- 
gether, which in the living plant were so 
strong that they defied the power of the 
sun to rend them asunder, have now be- 
come so weak that the oxygen of the air, 
even when no hotter than 55° Fahr., can 
seize upon and combine with at least 
some of the carbon, forming carbonic 
acid. Air blown through a tube, filled 
with coarsely powdered coal, into baryta 
water furnishes a considerable amount of 
barium carbonate in a very short time. 
Other circumstances may aid, but it is 
sufficient to prove the production of car- 
bonic acid to make it certain that heat 
is set free, and if escape of the heat is 
barred, it must accumulate, till at length 
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it reaches the point at which combustion | over surfaces which are becoming hotte1 
becomes visible, and in too many cases | and hotter, the air is itself heated, and 
uncontrollable. the work of combustion, once begun, 
As there is no amount of coal which goes on more and more rapidly. 
may not be intensified by free radiation, In view of these facts, there is small 
so there is no limit to the heat which wonder that the uniform recommenda- 
may be produced by concentration, or, tion of the Board of Trade Assessors, 
in other words, by stoppage of all radia- ‘‘ To ventilate the cargoes,” should have 
tion except to one common point. Sie- met with cavalier treatment. The sub- 
mens’ admirable regenerators act on the ject is, however, yet far from being 
principle of continuous passage of heated fully understood. Evidence has been 
gases through passages, where the gases collected from most trustworthy sources, 
are deprived of heat; when the heat pro-| and a clear understanding obtained of 
ducers go forth to do their work, they the various conditions under which 
are first made to pass through these! spontaneous combustion of coal takes 
heated passages. In addition to their place. What is now wanted is a 
own proper heat, they thus convey thorough experimental investigation of 
forward the stored-up heat, and the the causes of the spontaneous combustion 
most intense heat yet met with for The reasons already given are probably 
practical purposes is attained. correct, but they are supported by the 
It is to be feared that, in ventilating feeblest experimenta! support, and until 
the cargoes of coal-ships, the principle this is strengthened, we can neither 
of Siemens’ regenerator is infringed speak with the necessary boldness in re 
upon, to the great damage of the cargo. proving the actions which lead to the 
Air is forced through the coal, oxydation lamentable losses of good fuel, good 
and heat follow throughout its course, ships, and, but too often, of good men; 
the heat is absorbed by the coal, and the nor can we decide as to the proper means 
air, as it is continuously forced in, passes for preventing their occurrence 


NOTE ON THE MISAPPLICATION OF CORRECT THEORIES 
By JOHN D. CREHORE 


Written for Van NosTRaNv’s MaGaZIne 


In the August number of this Maga-|the numbers assigned to wrought iron 
zine for the current year, I gave a for-| (60,000 lbs, both in tension and in com 
mula connecting the ultimate resistances pression) left no doubt in my mind that 
of material to tension, compression, and Mx. Kent made the whole comparison, 
cross-breaking; and applied the formula including the experiments. For I know 
to various kinds of iron, wood, andj of no authority giving wrought iron, in 
stone, citing, with other data, three re-| general, so high a strength in compression 
sults of what I supposed to be experi-|as it has in tension; yet there may be 
ments made by Mr. William Kent at the | iron possessing this singular quality 
Stevens Institute of Technology. Even Professor Wood, whose “ average 

In the Magazine for October, Mr. Kent | figures” Mr. Kent employed, says in 
disclaims the experiments, and asserts |“ Resistance of Materials,” page 53 (edi- 
that I say “nothing of the formula given) tion of 1571): “Hence it appears that 
with them,” which formula he “dis-|the crushing resistance of wrought iron 
covered about two years ago.” I confess is from $ to { as much as its tenacity.” 
that Prof. Thurston’s statement of the In regard to the formula which Mr. 
service rendered by Mr. Kent does not} Kent discovered, I suppose it was Pro- 
necessarily imply that the latter is the fessor Thurston’s; and, as I had no_use 
author of the experiments which he com- for it, and did not ¢ sonsider the particular 
pared with theory; but the equality of manner oj deriving the Navierian equa- 
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tion of any consequence, I passed the 
formula by with a mere reference to the 
article containing it. 

Mr. Kent further remarks that “ It is 
not, therefore, safe to assume the abso- 
lute theoretical correctness of the form- 
ula. The hypothesis of Navier, 
that the sum of the moments of com- 
pression is equal to the sum of the 
moments of tension, is dis- 
puted by late authorities.’ 

Now I suspect that no late authority 
disputes this equality of the total mo- 
ments on each of the two sides of the 
neutral surface. But the thing derived 
is, that the resistance offered by the 
material at every point of the cross-sec- 
tion, is continually proportional to the 
displacement of the material at the point, 
or to the distance of the point from the 
neutral surface. In other words, the 
objection lies not against the equality of 
the two members of the equation, 

4Cba* = LTb(A—2)’, 
if they express the total moments on the 
compressed and extended sides respect- 
ively, but against the two members 


5 


themselves as not expressing those mo-| 


ments. 

Without doubt, since each of these 
expressions is established on the supposi- 
tion that the displacing forces at all 


points are proportional to the distances | 


of the points from the neutral surface, 
they will fail to express the total mo- 
ments in cases where this proportionality 
does not exist. Hence the equation, 
1¢ ba" 1 Th(h —z)*= i BA 4 h)?, 

is not applicable to such cases. 

The truthfulness of the formula should 
not, therefore, be called in question any 


more than we should deny the soundness | 


of the laws involved in Maclaurin’s and 
ry »] ‘ 4 

laylor’s Series, because these laws are 
not applicable to all functions. 
Price says, “ We are trying to make that 
which is true only when certain condi- 


tions are satisfied comprise all, whether | 


such conditions are fulfilled or not.” 
Considered with reference to a univer- 

sal application, and the comprehension 

of all possible conditions, the above 


formula undeniably comes far short of | 


the ideal completeness suggested by 
Prof. Thurston. 1 

Experiments, however, have shown 
,bat the formula is practically applicable 


For, as | 


lto many varieties of material used in 
‘construction, and it is confidently ex- 
|pected that the much needed experi- 
|ments, still to be made, will increase 
rather than diminish the number of 
cases to which the formula may, with 
sufficient accuracy, be applied. 

On the other hand, were the perfect 
formula already written, and ready for 
universal application, it is manifest that 
it could never, to its last refinemertt, be 
used in predicting the strength of a beam 
or bar; for no one beam can, in accord- 
ance with the severe requirements of the 
perfect formula, be said to be exactly 
like any other beam, so that the experi- 
mental constants required for any given 
beam will differ from those required for 
any other. Of this fact Mr. Kent and 
Prof. Thurston seem well aware; the 
former stating that “‘ A complete theory 
must necessarily include the effect of the 
‘flow ’ of the material after it has passed 
its elastic limit, which will modify the 
law of proportionality of resistance to 
distance from the neutral axis, and will 
vary with every material;” and the latter 
|to the same effect. “The increase of 
| resistance, after passing the elastic limit, 
will not be similar for both forms of 
resistance, and each substance will proba- 
ibly be found characteristically - dis- 
tinguishable from every other.” 

As regards what must be considered 
different ‘‘ material” or “ substance,” in 
applying the perfect formula, there can 
| be no question that blocks from different 
| parts of the same tree are different mate- 
|rial, as well as blocks of iron from differ- 
ent parts of the same rolled bar. And 
the exactions of the perfect formula must 
preclude our using with certainty, for 
one half of a rolled beam, constants 
deduced from experiments upon the 
jother half of the same beam. Nor 
could we safely affirm, from testing a 
| joist cut from the south side of a tree, 
what would be the strength of a joist of 
equal dimensions, cut from the north 
Neither does the 
to do this 





|side of the same tree. 
common formula enable us 
| with absolute accuracy. 

The engineer is to be congratulated 
upon the facts, that, in practice, such 
| extreme retinement of distinction in the 
{quality of material is not indispensable, 
|and that through the labors of such men 
as Prof. Thurston and the Government 
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l 
Testing Commission (which, let us hope, 


an enlightened Congress will liberally 
sustain) the time is not far remote when 
enough will be known, from experiment 
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upon the strengths of materials used in 
construction, to enable the designer in- 
variably to assign economical and safe 
proportions. 


IRON VERSUS WOODEN CROSS-TIES FOR RAILROADS 


By J. L. WEYERS, C. 


Journal of the Iron 


Brrore entering into details regarding 
the practical working and the economy 
inherent on the substitution of iron for 
wooden cross-ties, in its bearing on the 
interests of railroad companies, we 
believe it will not be deemed uninterest- 
ing to hear, in as few words as possible, 
what the very important results of such 


a transformation would be to the iron| 


trade in general. 

According to Steurmer’s statistics, the 
railroad mileage of the world may be 
estimated at the approximate figure of 
181,500 miles. Including double track, 
but deducting half the American lines 


on account of the cheapness of lumber in | 


that country, we find that the adoption 
of light wrought iron cross-ties, such as 
we shall have occasion to speak of 
further on, would necessitate the con- 
sumption of no less than 13,600,000 tons 
of wrought iron, exclusive of bolts, nuts 
and other accessories, and that the value 
of this iron calculated at the low rate of 
£6 per ton, would not be less than 
£81,600,000 sterling. 

Taking only the smaller field of Europe 
alone with its 114,800 miles of continuous 
lines, including double track, these would 
consume 84 millions of tons of iron at a 
minimum cost of £ 49,500,000 sterling. 

For Great Britain alone without her 
colonies, a similar computation indicates 
a necessity for 700,900 tons of iron equiv- 
alent to a money value of not less than 
£ 4,200,000 sterling. 

Such figures are sufficiently eloquent 
in themselves, we believe, to make it 
quite useless for us to comment, in any 
way, on the immense advantage to be 
derived by the iron manufacturer from 
the substitution of iron for the actual 
perishable and costly wooden ties and to 
stimulate him by every means in his 
power to bring about such a desirable 
result. 


E., Brussels, Belgium. 


and Steel Institute. 


We therefore proceed at once to some 
details in relation to the practical feasa- 
bility of promptly realizing this radical 
transformation, which sooner or later, as 
the forests of the world disappear, will 
undoubtedly impose itself upon all 
nations. 

The idea of establishing metallic rail- 
ways has been before the public for many 
years, the difficulties to be contended 
with having however long delayed the 
introduction on a large scale of such a 
system, notwithstanding the constantly 
rising price and increasing scarcity of 
timber. 

The probiem to be solved by the engi- 
neer was to combine simplicity with 
solidity and safety, as well as with econo- 
my of maintenance. Let us review 
rapidly, following in this the classifica- 
tion of M. Couche, the various systems 
proposed to this day. 

Four main ideas hdve been followed: 

1 The first of these consists in sup 
porting ordinary double-headed or vig- 
nole rails by cast iron bearings or sup- 
ports. 

2 The second consists in laying a 
vignole rail on a concavo-convex iron 
cross-tie having much the external shape 
of the old wooden one. 

3° The third consists in the adoption 
of longitudinal iron sleepers instead of 
cross-tles. 

4° The fourth consists in letting the 
rail) whose shape has been modified, 
rest directly without intervening appli- 
ances, on the bare ballast. 


[. 


This category, which has been tried 
on a considerably extensive scale, in- 
cludes the bell-shaped bearers of M. 
Greve, the discs of M. Henry and the 
Barlow support. 

The first of these seem to have given 
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the most satisfactory results, having been | 
applied to the Isthmus of Suez railroad 
and to those of Madras, Calcutta and 
the Punjab. 

The main objection is the high cost of 
building and maintenance of the way, 
as the ballast employed must necessarily 
be very finely divided. Besides, the 
weight is supported by too small a con- 
tact surface, so that it becomes necessary 
to exaggerate the breadth of the basis as 
well as the thickness and cost price of 
these discs. 

IT. 

Very many different types of these 
have been offered, more especially since 
the hollow rolled beams of the Zorés sys- 
tem were introduced by the forges of 
Franche-Comté. 

Here, in every instance proposed, the 
mode of attachment of the rail to the| 
cross-tie has proved defective and in-| 
effectual, so much so indeed, that to this 
cause alone must be attributed the non- 
generalization of iron cross-ties on all 
railroads. 

Several forms of these ties have been | 
experimented on in Belgium by the 
Grand Central railroad and in France 
on the Eastern railroad, as also on the 
Paris-Lyon-Mediterranean railroad, the | 
Paris-Mulhouse railroad, the Paris-Stras- 
burg railroad and the Northern railroad. | 

These trials resulted in showing clearly 
two things; first that iron tires are quite 
as stable as wooden ones, and secondly 
that when the road is in constant traftic 
they remain as free from rust, as is the 
‘ase with the rails themselves, the vibra- | 
tions imparted to the metal having this 
effect. 

Among the best forms of iron ties 
which have been proposed, we will name | 
that of M. Vautherin, 10,000 of which 
were laid on the Grand Central railroad | 
of Belgium in 1869. 

The one studied by the the French en- 
neers of the Chemin de fer de l’Est is 
also good. 

It is impossible for us in this short 
notice to exhibit all the various methods 
put forward, for fastening the rails to 
the cross-ties. They number over forty. 

Every one of these modes of attach- 
ment has the same defect, the strain is 
made to bear on the sides of the apper- 
tures cut in the thin tie, and the natural 
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consequence of this is, that at the end of 
a few days these orifices gradually in- 
crease in size until the jars and jolts to 
which they are submitted give exit to 
the attachments. Quite recently M. 
Vautherin has proposed to replace his 
preceding system by a Q shaped spring, 
but we fear, that such a delicate appli- 
ance is ill fitted to the rough usage of 
a railroad and to the atmospheric in- 
fluences. 

III. LONGITUDINAL CONTINUOUS SLEEP- 

ERS. 

It is in England but more especially in 
Germany that railroads have been con- 
structed with longitudinal sleepers or 
longrines, as they are called on the con- 
tinent. 

As early as 1853 M. Donnell began 
applying this system to the Bristol and 
Exeter railroad where, after many modi- 
fications had been made to it, and per- 
severing experiments tried also on the 
Bridport railroad, it was finally aban- 
doned in 1860, 

The cause of the non-success was laid 


ito the weakness of the elements used in 


this construction; the sleepers weighing 
only sixty lbs. per yard while the gradi- 
ents were heavy and the ballast too 
coarse. Other causes must however have 
worked against the application besides 
those enumerated. 

Longitudinal sleepers made of several 
parts or sections have been proposed by 
MM. Scheffler, Kostlin and Battig, Jor- 
dan, Daelen, Heusinger, Altzinger and a 
few others; these may be stated in a 
general way to present the following de- 
fects: 

1° Being made of too many parts. 

2 The necessity existing of having 
the various portions adapted to one 
another by special workmen in special 
shops. 

3° The difficulty experienced in keeping 
the track level and the necessity of bend- 
ing all the rails and angles in curves. 

4° The necessity of tearing up the 
track for the renewal of the rails, which 
is both a long and a costly operation. 

5° The difficulty, not to say impossi- 
bility, of reversing the rails. 

6° The largely increased cost of main- 
tenance of the road over the ordinary 
system. 

Four only, out of the many longitudi- 
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nal-sleepers roads are at present promi- 
nently before the public; these are the 
ones proposed by M. Heusinger, Chief 
Engineer to the Hanoverian railroad; 
by M. Hohenegger, Chief Engineer to 
the N. W. railroad of Austria; by MM. 
Kirsch and Degreef, Engineers to the 
Belgian Grand Central and by M. Hilf 
the Chief Engineer to the German state 
roads. 

The system which has obtained the 
most general acceptance is the latter 
one. 

M. Heusinger has adopted a sleeper 
having a longitudinal central ridge which 
enters into a 4 shaped rail eight centi- 
méters in height. Opposite each joint 
he inserts small iron saddle pieces. The 
worst feature of this plan is the necessity 
of having thirteen different shapes of 
saddles so as to be able to regulate the 
distance between the rail and ridge and 
to give the first the necessary inclination 
incurves. This arrangement only allows 
a shifting space of from four to six milli- 
méters for the rail, which is evidently 
insufficient. 

The steel 


rail recommended by M. 


Heusinger appears too light to us and 


the number of pieces in his system too 
numerous. 

The Hohenegger plan differs only 
from the Hilf’s by the shape of the 
sleeper, the central ridge being done 
away with, in view of a better setting on 
the ballast, but the number of various 
pieces required is still more numerous 
than in this last. 

MM. Kirschand Degreef claim to need 
no more than eight different types of 
material for the construction of their 
metallic way. 

They use a rail having the following 
shape Q and with uplifted outer edges 


which are required for their special | 


attachment. On straight track they 
employ clamps and bolts for this purpose, 
but in curves, a rack with seven teeth 
five millim. deep and two millim. broad 
at top, between any of which the tighten- 
ing bolt can be inserted. Thisingenious 
method allows eleven different positions 
to rails in curves each of these being 2} 
millim. from its neighbour. The rails 
used are thirty feet long and tlie sleepers 


five inches less so that water on the track | 


escapes freely by their extremities. 
The principal objection to this system 


is the difficulty of rolling a good rail of 
the proposed section. The impossibility 
of using fish plates is also objectionable. 
The rail proposed weighs only seventeen 
kilogr. per méter. This rack arrange- 
ment needs the sanction of continued 
experience before being finally ad- 
opted. 

The Hilf system which has been ac- 
cepted for the strategical railroad run- 
ning from Berlin to Coblentz, Tréves 
and Thionville, and which exists on the 
railroads of Nassau and other 
German lines, and is at present day being 
tried on thirty miles of the Belgian state 
railroad, is too well known by engineers 
to need a long description. 

The vignole rail used weighs 25.8 
kilogr. in Germany and 29 kilog. in Bei- 
gium per méter, and rests on iron sleep- 
ers which have a length of 8.96 méters 
on straight lines, and 8.86 méters in 
curves. The height of the rails is 108 
millim. with a thickness of web of only 
tenmillim. Stay bolts twenty-six millim. 
in diameter screwed into the web of the 
rails serve to establish the breadth of 
gauge of the road, and to procure the 
necessary slant. 

The ends of these sleepers rest on 
cross-ties of the same section as them- 
selves 2.60 méters in length. 

Both sleepers and ties have to be sub- 
mitted to differential panching of holes 
according to their being placed in curves 
or not. ‘This necessitates the of 
eight different graduated gauges answer- 
ing to curves of respectively 200, 240, 
330, 450, 620, 875 and 1,600 méters ra- 
dius. 

Both the laying down of the rail and 
its renewal are easily effected, but the 
whole operation must be conducted by 
an able foreman, with experienced work- 
men and having a workshop at their dis- 
posal. The rails and sleepers are brought 
to the track adapted to one another on a 
car with a double armed crane which 
lowers the whole fixture on to the bal- 
last. This is rapidly done, but any mis- 
take in the forwarding of any one section 
for another, may have serious conse- 
quences. 

A great defect of the Hilf system con- 
sists in the need of no less than forty- 
eight stay bolts for every nine méters of 
road, and these do not always present 
‘the desired security, as they are con- 


some 


use 








§28 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





stantly submitted to a twisting strain as 
also to a cutting action. 

Che greatest inconvenience, however, 
to this system, which, with all its defects, 
is the best which has yet been practically 
applied, consists in the necessity for the 
differential punching of the sleepers and 
cross-Lies Which makes it a necessity to 


have continually in stock no less than) 


thirty-three different types so as to 
allow of prompt repairs in case of need. 

‘This small thickness of the web of the 
rail we can hardly recommend. 


BALLAST WITH- 
INTERMF- 


RAILS LAID ON THE 
ANY EXTRANEOUS 


SUPPORT. 


IV. 
our 
DIATE 

This bold venture which we owe to M. 

Barlow and M. Hartwich has unfortu- 

nately, for its inventors, not stood the 

crucial test of practical application. 


This is partly attributed to the defects of | 


the material employed, partly to a ten- 
dency to lateral or outside pressure on 
the ballast and partly to defects in the 
bolting. 

M. Brunel, who made considerable use 


of the Barlow system, seems to be the | 


only party who has expressed himself as 
satisfied with it. 

After having made a very careful and 
complete study of all the preceding sys- 
tems and the causes of their failures, 
M. Potel C. E. of Brussels has lately 
tried to grapple with the difficulties to 
be overcome, and he has, we sincerely 
believe, done so in a manner which 
deserves the very serious consideration 
of all railroad men as well as of iron 
masters and members of this Institute. 

This new and latest system, which is 
brought before the public for the first 
time, consists in the use of a wrought 
iron cross-tie resting simply on the bal- 
last. Its shape is semi-elliptical, the base 
measuring 285 millim. across; the table 
on the top 100 millim. and the height 
being seventy-five millim. The table 
has a thickness of eight millim. These 
cross-ties weigh fifteen kilogr., about 
thirty-five lbs. per méter. 

The rail is fastened to the cross-tie by 
a quite novel and most ingenious, al- 
though simple contrivance, called by the 
inventor the “ Jawbone-chair” or coussi- 
net-machoire. This is formed of two 
portions which hook in to one another 


and whose shape is such that they hold 
the rail as if in a vice. 

Half of this chair is firmly fastened to 
the cross-tie by means of a bolt and pre- 
ferably on the outside of the track. 

The other half hooks into the first be- 
neath the cross-tie and is moveable. An 
ordinary eye-headed bolt entering 
through the hole of the tie adapts itself 
to the end of this moveable arm and by 
its successive tightening compensates for 
any downward wear of the rail. 

The laying of a track of this descrip- 


|tion presents no difficulties whatever, 


being rapid and inexpensive and con- 
fined to the tightening or loosening of a 
bolt. 

To the above arrangement, M. Potel 
has added another apparently small, but 
really important contrivance, which does 
away with all necessity for differential 
punching. of the cross-ties (or even, if 
desired, of such in longitudinal sleepers) 
and which resides in the adaptation of a 
washer of hexagonal shape placed below 
the bolt head, but which, instead of being 
pierced by a central orifice has the bolt 
hole placed eccentrically so that, by 
rotating this plate after loosening the 
bolt, any one of the sides of the hexagon 
can be brought to bear on the shoulder 
of the jaw. 

In the model exhibited the variation 
can be modified to the extent of three 
milliméters at a time up to fifteen milli- 
méters according to the side of the 
washer presented (thirty millim. for the 
two chairs on a same cross-tie). 

In order to avoid longitudinal sliding 
of the rail, the half of the chair situated 
beneath the tie is covered by means of a 
plate which, while it serves to strengthen 


|the weakest portion of the tie, fits by 


means of a sort of finger into the ordin- 
ary end notches of the rail. 

The cross-ties are slightly arched 
while hot, in the middle, so as to give 
them an incline of 1 120th. 

Believing the subject of this paper to 
be of some importance, we will now sum 
up what we consider the special advant- 
ages of the system just described : 


1° It does away with the use of wood 
in the construction of railroads; 

2° It is easy of application everywhere 
and can be adapted without special 
workmen; 
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3° The sila can be snail at any 
time without difficulty; 

4° The stability of the rail is great 
from the number of points of contact 
which exist between it and the chair; 

5° The drainage of the middle track 
is as perfect as possible; 

6° Repairs and renev 
easiest and simplest kind; 


vals are of the 


° Transportation of material is facili- 


tated as only one sort of cross-tie is used 
for either straight or curved road. 

8° The system adapts itself equally 
well to any section of rail actually in 
use; 

Solidarity of parts is obtained with- 

out any excess of rigidity; 

10° The number of various parts of 
the appliance is limited to a minimum, 
as it comprises only: 1 cross-tie, 1 Jaw- 
bone-chair, 2 small washers and 2 bolts. 

11° The economy in the laying and 
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maintenance of the track as compared 
with other systems. 

We append a table showing the com- 
parative weight and number of pieces 
composing the Hilf and the Potel sys- 
tems, the figures for which, this last 
ge ntleman has kindly placed at our dis- 
posal for the present report. 


TABLE. 
Pieces needed to build 
of track by the Hilf system: 


nine méters 


Pieces. Kilogrammes. 
2 rails of 9 méters,=18 mé te rs weis ghing g 29 kilog. 522,000 
2 sleepers of 9 méters. 70 5 
1 cross-tie of 2.60 meters 
1 stay bolt 
4 inclining plates 

52 bolts, each 
44 clamps (ordinary), each 0.160 
4 shoulder clamps, each 0.620 
16 fish plate and cross-tie boits 
2 pair fish plates 3 
8 angles 


6.050 | 
0.180 4 
0.519 


6.770 
16.120 
7.040 
2.450 
5.800 
15.280 
4.720 


820 

0.590 

136 Total weight 1188,230 

—-=15 1 /9 pieces for one meter 
9 


Total weight for one meter of track 32.025 
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By M,. 


NOTE ON 


Translated from ‘* Comptes Rendus 


Ir is known that the use of steam 
jackets on engine cylinders have effected 
a saving of fuel to the extent in some 
cases of nearly. twenty per cent. 

I have endeavored to account for this 
fact which at first seemed paradoxical. 
For this purpose I have considered the 
case of two similar cylinders supplied 
from the same boiler, one of them fur- 
nished with a covering of poor conduct- 
ing material, and the other furnished 
with an envelope of steam, and pro- 
tected by a good non-conductor of heat. 

I have assumed that in the first eylin- 
der the steam is expanded without either 
loss or gain of heat; and in the second that 

the pressure during expansion is in ac- 
cordance with the law of Mariotte. 

The admission of steam is the same in 
both cases. A numerical example given 
below gives results as follows: 

The ratio of the quantity of heat 
transferred into work to the quantity of 
heat furnished by the boiler, during 
admission and expansion, is slightly less 
in the first case than in the second. 

2d. If we suppose that the heat of 
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vaporization of the steam condensed at 
the end of the expansion, to be borrowed 


entirely from the cylinder during ex- 
haust, and then restored in some way by 
the boiler, we find that the work per- 
formed by the heat is greater in the 
second case than in the first; and that 
the difference between a fifth and 
asixth. This accords with experience. 


is 


assumed the pressure in the 
cylinder during admission equal to the 
boiler pressure. This is nearly correct 
when the inlet pipe is short, of large dia- 
meter and well covered, especially when 
the steam ports are large and quickly 
opened as in the Corliss and Sulrer en- 
gines. 
Let 
A=425 kilogrammeters: 
eq. of heat. 
p,=the boiler pressure 10333 x 
. 
pheres. 


I have 


the mech. 


6 atmos- 
t,=the corresponding temperature. 


pP 0.943 
o =0.001164 ——— 760) =3,283 
as 10333 . 
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=the specific gravity of steam, 
dry at the temperature ¢. 

r,=496 the heat of vaporization of 

this steam. 

n=0.80 the proportion of dry steam | 

admitted to the cylinder. 

For these quantities 
the expansion I have used the same let- 
ters, replacing the index 0 by 1. I have 
neglected the waste space; also the slight 
variation in specific heat of water 
depending on temperature. I have 
sumed the heat of the feed-water to be 
:. 

Ist. case. The steam expands without 
loss or gain of heat 

In this case we have 


as- 


21" t, 

273+, t, 

and for the calorific equivalent of the 

work due to the expansion of a kilogram 
of vapor. 


2) -/) 


9 


+ 2.3026 log. : 


3+ 
- 


2 
2) 


dn 
I— =1—t+n,7,—2,?, 
0 


(28 - 
pp 
"1 


we find 


~ 


1 


vk MoPo 
A 


Bun 


If we assunie 


0 


¢, =82°, n,=0.721, p,=0,316 


( 


\ 


(3) 


and for the ratio of volumes at the begin- 
ning and end of the expansion 


It is to be especially noticed that the 
proportion of water primarily in the 
cylinder is nearly double that at the end 
of the expansion. 

The ratio of the heat transformed into 
work to the quantity expended during 
admission is 


1 dn 42 
(/r@ 
NiPo 


NY, +t,—12+ 


A +o? 
0.1655 


p 


vo 


* 

If we add to this denominator the 
heat of vaporization of the water in the 
cylinder at the end of the expansion, as 


which vary with | 


MAGAZINE. 
| 
| proposed above, the ratio will become 
| =0.1325. 
2d. case. The steam expands accord- 
|ing to Mariotte’s law. 
io assume the same 
| above we must have 


| 


| 


conditions as 
p,—9.32 P 
whence 
¢,=88° 
‘and by hypothesis 
“OP 
p 


i 


or by the formula 
2 \0.057 
n,=n,(2) °“ —0.909 
Pp 


and the proportion of water contained 
at first in the cylinder has diminished 
about half. 
The ratio of heat transformed into 
work to total heat admitted is 
3, 


MPa 14. 2.3026 log? 


LP 
rt, +t, —124—5 (2 1+2.: 


2 P, 


0 
1 








This differs but slightly from the 
similar ratio of the prece eding case. 

If we add to the denominator the value 
of the heat of vaporization (1—n,)r, the 
ratio becomes 

0.1557 

Finally, dividing this value by the one 
found under similar conditions in the 
preceding case, (0.1325) we obtain 1.175 
|for the ratio of work of a kilogram of 
steam under the two conditions of steam 
jacket or no steam jacket. The economy 
of its use is represented by .175 which is 


and 


stated in the beginning of this article. 


1 ac 
5 as 


4 
nearly >= a value between 
«#0 


——++_—__ 


Tue Astronomer Royal states that the 
accuracy of chronometers continues to 
improve, but very slowly, and not uni- 
|formly. The “trial number,” exhibiting 
[the errors of the chronometers on the 
1876 trial, is lower than that of any year 
except 1873. Have we re ached the 
limit of perfection in mechanical time- 
keepers ? 








EXPERIMENTS ON THE SET OF BARS OF WOOD, ETC. 


RESULTS OF EXPERIMENTS ON THE SET OF BARS OF WOOD, 
IRON AND STEEL, AFTER A TRANSVERSE STRESS. 


By WM. A. NORTON, Professor of Civil Engineering in Yale College. 


From “ The American Journal of Science and Arts.” 


Ar intervals, during the last two 
years, I have carried on a systematic 
series of experiments, with the view of 
determining the laws of the set of ma- 
terials resulting from a transverse stress 
under varied circumstances. The experi- 
ments were made with the testing ma- 
chine which I .devised several years 
since, for the purpose of experimenting 
on the deflection of bars under a trans- 
verse stress. A detailed description of 
this machine is given in the Proceedings 
of the American Association for the 
Advancement of Science, Eighteenth 
Meeting, Aug., 1869, (p. 48). The de- 
pressions of the middle of the bar ex- 
perimented on,—while under a trans- 
verse stress, or remaining after the stress 
has been withdrawn—are measured by 
it to within ;545,5 of an inch. The ex- 
periments on set have been fully dis- 


cussed in two papers read before the 


National Academy of Sciences, Wash- 
ington, (April, 1874 and April, 1875). 
The first paper set forth the results of 
the experiments on bars of wood, and 


contained a detailed account of the 
course of experiments instituted for the 
purpose of detecting instrumental errors, 
and of the precautions taken to reduce 
the incidental errors, from variations of 
temperature and other causes, to a mini- 
mum. The second paper discussed the 
experiments on the set of bars of 
wrought iron and steel; which gave re- 
sults generally similar, under corre- 
sponding circumstances, to those obtain- 
ed with wood. I propose, in the present 
communication, to give a succinct state- 
ment of the general conclusions that 
follow from the whole discussion. 

The experimental investigation was 
prosecuted under three general heads : 

I. Sets from momentary strains. 

II. Sets from prolonged strains. 

III. Duration of set; and variation of 
set with interval of time elapsed after 
the withdrawal of the stress. 

Each of these embraced several special 
topics of inquiry. The bars used in most 
of the experiments consisted of one of 


white pine, 3 inches by 3 inches and 4 feet 
long; another of wrought iron +} inch 
wide, 1 inch deep, and 4 feet long; and 
a third of steel of the same dimensions. 
The discussion of the entire series of ex- 
periments has brought out the following 
results, as alike applicable bars ot 
wrought iron, steel, and white pine. 

1. The immediate set,—that is, the resi- 
dual deflection which obtains immedi- 
ately after the transverse stress is with- 
drawn,—increases in nearly the same 
proportion as the stress applied; until 
this exceeds a certain amount, beyond 
which the set increases according to a 
more rapid law than that of proportion- 
ality to the strains. It is to be under- 
stood here that the varying strains are 
applied at considerable intervals of time. 

2. The immediate set augments with 
the duration of the stress, up to a certain 
interval of time. In the experiments 
with white pine, the duration of strain 
which gave the maximum immediate 
set, varied with the strain, from ten 
minutes to one hour. The immediate 
set resulting from a prolonged strain, 
was found to be from five to nine times 
as great as that which succeeded a mo- 
mentary strain. 

3. The residual depression below tlie 
original line of the bar, is greater if the 
stress is reached by a series of increas- 
ing weights than if the full stress is di- 
rectly applied. 

t, When the same strain is repeated 
on the same bar, after a short interval of 
time, the set first obtained is not aug- 
mented, unless the load applied exceeds 
a certain amount, varying with the ma- 
terial and dimensions of the bar. With 
loads greater than this limit each repeti- 
tion of the load augments the total set. 
The amount of the increase varies with 
the interval of time since the previous 
application of the load and the number 
of previous applications. 

5. The set, or residual depression of 
the middle of the bar, experiences mark- 
ed variations as the interval of time sub- 
sequent to the removal of the stress in- 


+ 
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creases. When the immediate set is less 
than about 0.0005 inches it passes off in 
a few minutes (10 m. or less). 


as follows: it invariably decreases for 
a short interval of time, and then 
ordinarily increases for a longer inter- 
val, with moderate fluctuations. The 
period of decrease varies from about 5 
m. to 20 m.; and is the longer in those 
instances in which the stress is prolong- 
ed. The subsequent increased set, or 
augmented depression of the line of the 
bar, may attain in less than an hour to 
an amount even greater than the set ob- 
served immediately after the stress is 
withdrawn. In some of the experiments 
the depression increased until it came to 
be about double that first observed. The 
proportionate increase of set is usually, 
however, much less than this. 
crease of set is eventually succeeded by 
another decrease. ‘These remarkable 
fluctuations observed in the line of the 
bar were more conspicuous in the experi- 
ments with white pine, than in those 
with iron and steel. The difference was, 
however, only in degree. Under similar 
conditions the general character of the 
fluctuations was the same whichever 
material was used. The fluctuations ob- 
served with the bars of iron and steel, 
as well as with the wooden bar, far ex- 
ceeded any errors to which the observa- 
tions were liable. They were also much 
too slow, and too prolonged, to be re- 
garded as simple vibrations of the bar, 
cousequent on the removal of the down- 
ward pressure. 

6. Abnormal variations from the gen- 
eral law of variation of the set just 
noticed, may occur under especial cir- 
cumstances. Such deviation were ob- 
served after the bar had been subjected 
to repeated strains from day to day. 
Under these circumstances the bar may 
be in such an abnormal condition that 
the set observed immediately after the 
stress is withdrawn may pass off rapidly, 
and the line of the bar may even rise 
considerably above the position held 
when the stress was applied—though not 
above its original line some days pre- 
viously, before any strain was applied. 

7. When the load, or stress at the 
middle of the bar, exceeds a certain 
amount, the set resulting from one or 
more applications of the load on any one 


When it | 
is greater than this it habitually varies | 


This in-| 


| day is not only still discernible on the 
following day, but the actual result may 
be that the middle of the bar may be 
lower than at the close of the observa- 
tions on the previous day. Such effects 
were observed in the experiments with 
white pine, when the load was sufiicient 
to produce a longitudinal strain on the 
upper or lower fibers of 500 lbs. per 
square inch; and in the experiments with 
the steel bar, resting edgewise on its 
supports, when the strain on the outer 
fibres amounted to 1500 lbs. per square 
inch. 

8. Repeated applications of the same 
load, from day to day, are attended with 
an indefinite augmentation of the resi- 
dual depression of the middle of the 
bar, if the load exceeds a certain amount. 
When a smaller load is similarly applied 
the set attains after a few days to a 
maximum, and subsequently subsides 
more or less. The load answering to the 
critical point here referred to is, obvious- 
ly, the maximum safe value for a varia- 
ble load that can be applied with an in- 
definite number of repetitions to the 
bar. In the case of a white pine stick (3 


in. by 3 in., and 4 feet long) the experi- 


ments show it to be less than } the theo- 
retical breaking load. Under repeated 
applications of 500 Ibs. (or about 4 the 
theoretical breaking weight) the set 
steadily increased from day to day— 
that is, the middle of the stick became 
more and more depressed—during the 
entire period (seven days) that the pro- 
longed effects were noted. Under daily 
repetitions of a load equivalent to +; the 
breaking weight, the depression increas- 
ed for three days, and after another in- 
terval of three days the stick had re- 
covered its original line. The depres- 
sions here referred to are those which 
obtained on the morning of each day 
just before the first application of the 
stress on that day. 

9. In connection with the phenomena 
of set which have been signalized, it is 
important to note that, during any inter- 
val in which a bar was kept under a 
transverse stress the resulting deflection 
commonly experienced a continual varia- 
tion. In general the deflection increased 
as the strain was prolonged. But the 
deflection of the steel bar in some in- 
| stances diminished, under the prolonged 
strain. This unusual result was appar- 
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ently dependent on some molecular con- 
dition of the bar, induced by previous 
strains. The comportment of the 


wrought iron bar, as regards varying 
deflection under a continual strain, was 
not particularly examined. 


It is also noteworthy, in this connec- 
tion, that the deflection resulting from 
any single stress was found to be more 
or less dependent on the previous strains 
to which the bar had been subjected. 
The wooden bar, when it had been ex- 


posed to a cross strain not long before, | 


was generally in a condition to suffer a 


greater deflection than it had before ex- | 


. 7 ‘TY 
perienced under the same load. The 
same was true of the steel bar during 
several successive days of experiments 


with loads of 4 lbs. and 6 lbs.; but as| 


the result of these repeated strains the 


bar came eventually to be in a condition | 
in which each renewal of the stress gave, | 
for the most part, a less and less de-| 


flection. 


10. It is apparent from the foregoing | 


experimental results, that every applica- 


tion of a transverse stress to a bar must | 


induce some change in its molecular 
condition, which continues, with varia- 
tions that may be either progressive or 
fluctuating, for a greater or less interval 
of time. The duration of sensible in- 
fluence varies with the amount and du- 
ration of the stress. For the smaller 
strains it is but a few minutes; for the 
larger several days. The prolonged in- 


fluence of strains applied from day to | 
day to a bar, was apparent from the| 


fact that the same stress did not on dif- 
ferent days produce either the same de- 
flection or the same set. It was striking- 
ly shown in the experiments with the 
steel bar by causing the bar, to which 
loads had been repeatedly applied for 
several previous days, to rest on its op- 
posite side, and comparing the deflection 
and set with those obtained immediately 
before the reversal. It was found that 
the deflection produced by 184 pounds 
was ;'; greater than the deflection pro- 
duced by the same weight just before 
the reversal; and the set obtained was 
now many times greater than before. 


|time after the withdrawal of the strain, 
whereas it before decreased. 

11. There was no discernible limit of 
elasticity, revealed by the experiments, 
with either wood, iron, or steel. A per- 
ceptible set obtained, with each material, 
immediately after the stress was re- 
moved, however small its amount, until 
the set fell below the lowest possible de- 
termination of which the apparatus was 
eapable, viz: + 9h gp of an inch, as the 
experiments were ordinarily conducted. 
To test the question still farther, the 
delicacy of the measuring apparatus was 
largely increased, by the adaptation of a 
device for magnifying the movements to 
be observed; and it was found that the 
least perceptible immediate set was still 
limited only by the capability of detect- 
ing, with the apparatus, minute displace- 
| ments. 
If we take for the limit of elasticity 
| the condition of things at which a per- 
manent set is obtained the case is dif- 
ferent. Thus it was found that the set 
which subsisted after the pine stick (3 
in. by 3 in. and 4 feet long) had been 
jloaded at its middle with 200 pounds 
'\(;4 the theoretical breaking weight), 
eventually passed off entirely. This 
was the case whether the stress was mo- 
mentary or prolonged, and whether it 
was applied but once or repeatedly. But 
with a load of 500 Ibs. a permanent set 
'was obtained, as the result of a single 
application of the stress; and repetitions 
of the stress were attended with a con- 
tinual increase in the depression of the 
middle of the bar. It may accordingly 
be affirmed that a practical limit of 
| elasticity exists, but not a theoretical 
“one. 
| 12. If a bar, on the withdrawal of a 
|transverse stress, fails to recover its 
| original line of position, or, technically 
|speaking, has a set, it is plain that its 
|integrant molecules have not returned 
| precisely to their original positions, and 
|that the distance between contiguous 
/molecules have either increased or dimin- 
| ished-—increased in the line of the longi- 
tudinal fibres that have experienced a 
' tensile strain, and decreased in the line 
|of those which have experienced a com- 


The deflection also now increased with a) pressive strain. Now we have seen that, 
prolongation of the strain, whereas it|as the result of a series of increasing 
before decreased. Also the set now in- | transverse stresses, the set increases con- 
creased for a considerable interval of|tinuously with the stress, from the 
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lowest amount capable of detection with 
the measuring apparatus employed. We 
must therefore conclude that, after the 
application of a series of increasing 
strains, in which the molecules are rela- 
tively displaced by minute fractions of 
their intervening distances, they take 
up, when the strain is removed, a series 
of new positions of equilibrium, differing 
by excessively minute degrees from 
those previously occupied. We may 
draw the same conclusion from the ex- 
periments on the set produced by a 
series of direct tensile and compressive 
stresses, made by Hodgkinson, Chevan- 
dier and Wertheim, and other experi- 
menters. This general conclusion, to 
which experiments on set, under every 
variety of strain, conduct leads to the 
inevitable inference that the effective 


Sorces exerted by the molecules on one an- 
other have suffered some change of intens- 
aty, in consequence of the stress applic d 


to the bar under experiment. Viewing 
the residual displacement of the mole- 
cules, in their relative positions, as a me- 
chanical problem, we are constrained to 
regard the effective molecular forces 
that take effect at a given distance, as 
having acquired a different intensity. 
We have confirmatory evidence of this 
induced molecular condition of the bar 
in the fact that all the diverse effects, 
which may ensue on subsequent applica- 
tions of a transverse stress, are found to 
be either less or greater than those pre- 
viously observed under similar con- 
ditions. 

13. The fluctuations which have been 
noticed as occurring iu the set with the 
lapse of time, reveal the fact that the 
change in the intensities of the effective 
molecular forces, which results from the 
temporary application of the stress, is 
not permanent but fluctuating; and may, 
according to the amount of the stress 
applied, rapidly pass off, or, after a par- 
tial collapse, be slowly recovered again. 

It should be observed, however, that 
the curious fact of the increase of set 
which ordinarily succeeds the first sud- 
den fall, may be in part attributable to 
the gradual propagation inward of the 
greater disturbed condition of the mole- 
cules of the upper and lower fibres. 

14. The general correspondence in 
the phenomena of set and altered de-| 
flection, that obtain with different ma-| 


terials, altogether precludes the idea that 
they may result, either wholly or in a 
considerable degree, from irregular 
strains subsisting in certain parts of the 
bar before the stress is applied, and 
which are more or less modified by the 
stress; as some persons have conjectured. 
The change that supervenes must be a 
general one, or one in which all the mole- 
cules participate, though in diverse de- 
grees according to the amount of molecu- 
lar displacement. The especial character 
of the change, for each individual mole- 
cule, must depend upon the kind of 
strain to which the molecule is exposed, 
whether tensile, compressive, or shear- 
ing; and not on the nature of the mate- 
rial subjected to strain. 


15. If, as experiment has established, 
when the distance between two contigu- 
ous molecules has been forcibly altered, 
the molecules, when again left their 
mutual actions, no longer exert, at the 


+ 


LO 


same distance, effective actions of the 
same intensity as before, it is apparent 
that the molecules in the act 
have ci asscenall 


. 4 ee : 
either in their dimensios 


of displace " 
SON Change, 
in their in- 
ternal mechanical condition. This change 
must result from the change that took 
place in the mutual action of the mole- 
cules when they were urged nearer to 
each other, or separated to greater dis- 
tances. It must be experienced by the 
ultimate molecule, whether this be iden- 
tical with the integrant molecule or not— 
that is whether we regard the integrant 
molecule as a single ultimate molecule, 
or as a group of ultimate molecules. For 
it is plain that a group of ultimate mole- 
cules could not undergo an_ internal 
change, that abides after all actions have 
its constituent molecules 
a change, by reason of 
longer act upon one an- 
same intensities of force 


ment CX Pe) 


Ss, Oo7 


ceased, unless 
have suffered 
which they no 
other with the 
as before. 


It is well known that with Physicists 


| the “ chemical atom ” has come to be re- 


placed by the “ultimate molecule.” Of 
the probable physical constitution of the 
ultimate molecule different conceptions 
have been formed. To those Physicists 
who regard it as made up of a limited 
number of precisely similar atoms, en- 
dued with unvarying forces—of attrac- 
tion at certain distances, and repulsion at 


. 
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other distances—I leave it to reconcile 
this conception with the legitimate in- 
ference to be drawn from experimental 
results, that the ultimate molecule is lia- 
ble to a change of mechanical or physi- 
cal condition, with every slight displace- 


BK 


ment it may experience—a change which 
subsists after the constraining cause of 
the displacement has ceased to act; and 
may, under different conditions, either 
be permanent, or gradually subside with 
| fluctuations. 
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From “Journal of the Society of Arts.” 


Dr, AnprErson’s elaborate report on 
machine tools is pervaded througlfout 
by a perfectly enthusiastic admiration of 
the American exhibits. None of the 
countries of Europe were strongly 
represented, in fact the reporter thought 
the department “ could hardly be regard- 
ed as an international competition.” 
Though Dr. Anderson will not allow 
that we are falling behind, he yet admits 
that our exhibits at Vienna gave foreign- 
ers the impression that we were being 
passed by the Americans, and that the 
show we made at Philadelphia will cer- 


tainly strengthen this impression. 

A special feature in this section was 
that all machine tools were tested for ac- 
curacy if their owners wished it. Nearly 
all the Americans agreed to this, but 
none of the foreign exhibitors, except 


one French firm. 


also 


and 
were 


one Canadian 
Some machines 


motive cylinder was bored out, the ends 
of the bores recessed, and the flanges 
turned and faced in three hours and a 
half. On the whole, the results of the 
tests were such as to take the judges by 
surprise. The saws were not tested, time 
not sufficing for the exhaustive series 
of trials which alone, it was thought, 
would be of any real value. 

Another special feature of the Ma- 
chinery Hall consisted of the great pair 
of Corliss engines that drove the ma- 
chinery, and the arrangement of shafting 
and gearing by which the power was 
transmitted. All this gear worked with 
perfect smoothness and quiet. The spur 
teeth were all cut by a machine exhibit- 
ed near the engine, and were so scientific- 
ally shaped as to work almost without 
noise or tremor. 

The English display was, for this 


tested for} 
rapidity of work; for example, a loco- | 


country, poor, and it was only by the ex- 
hibits sent by Canada that the credit of 
the empire was saved. Both the metal 
and the wood-working machines shown 
by the colony showed considerable 
originality, especially, as might be ex- 
pected, the latter class. The small cost 
of material induced a tendency to neg- 
lect economy for the sake of speed, and 
the wood-cutting machinery was, there- 
fore, of a very miassive and powerful 
character. The first English exhibit 
noticed by Dr. Anderson was that of 
Messrs. Massey, who showed a number 
of steam hammers, varying from the 
smallest size up to five tons. A novel 
and ingenious machine for transferring 
patterns to printing rollers for calico, &c., 
was shown by Mr. Gadd, of Manchester. 

The pattern is impressed from a steel 
milling tool running against the roller, 
or from a block pressed against it. In 
either case pressure alone is used to pro- 
duce the copper printing surface. Be- 
sides a stone-dressing machine, in which 
the action of the chisel and mallet is imi- 
tated, Mr. E. K. Holmes showed a new 
and untried coal-cutting machine. The 
cutter was a very coarse saw, with teeth 
an inch apart. The machine for the 
same purpose shown by Messrs. Baird, 
of Glasgow, had had the advantage of 
practical trial. In this the cutters were 
sarried on an endless chain, supported by 
a projecting arm. A machine for paint- 
ing articles in number was shown by 
Mr. Roberts, of Bootle. Amongst the 
extensive display of American circular 
saws it was noticed with regret that 
none were sent from Sheffield. 

The German exhibit was neither ex- 
tensive nor good. The machines that 
attracted notice were one for cutting 
small bevel wheels, and a special arrange- 
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ment for grinding metal surfaces with a 
fast running emery wheel. Some tools 
for machine watch-making were also 
highly commented upon. 

In France, the machines sent by Arbey, 
of Paris, are noticed by Dr. Anderson, 
almost to the exclusion of any others. 
His planing machines, with their steel 
cutters wound vertically on cylinders 
(like the knives of lawn-mowing ma- 
chines), were unique. Another machine, 
for shaping the edges of cask-staves, so 
that they may fit water-tight, was con- 
sidered the best of the class, though 
there were numerous exhibits of cask- 
making machinery in the United States 
section. 

Belgium showed the actual apparatus 
by which Mont Cenis was tunnelled. 
Sweden had an exhibition of sawing ma- 
chinery, but it was quite overpowered by 
the magnificent American display of 
similar machinery. Russia showed great 
improvement on Vienna, and seemed to 
have acquired some of the practical 
knowledge which was wanting to com- 
bine with her theoretical knowledge. A 
noticeable feature in the Russian section 
was an exhibition of models and ma- 
chines made by the students of the tech- 
nological schools of Moscow and St. 
Petersburg. This collection 
lathes, planing machines, parts of steam- 
engines, valves, governors, &c. Brazil 
is the only other country mentioned. 

It is to the exhibits of the United 
States that Dr. 
larger portion of his report, though, as 
he says, that can only note the more 
salient points in the space at his disposal. 
He begins by reference to “ probably 
the most exquisite set of machine tools 


ever made,” those employed for machine | 


watch making by the American Watch 
Company, of Massachusetts. 
other sets of tools are shown; one for 
making gun-stocks, another for cutting 
the wheel gearing for the Machinery 
Hall, are also referred to. The use of 
special tools for special purposes was 
specially remarked by the reporter, and 
he gives as an instance, a lathe specially 
constructed for making water injectors 
for steam boilers. Though no furnaces 
were allowed to be lighted in the Ex- 
hibition, there was a fine show of appara- 
tus for smith’s work, in some of which 
there were remarkable instances of the 


included | 


Anderson devotes the | 


Several | 


way in which perfect mechanism can re- 
place skilled labor. Where articles have 
to be repeated, as in making the inter- 
changeable parts of railway bridges, the 
bars of iron are brought forward on 
trucks, the ends of the bar are heated in 
a furnace, and then put into a set of dies 
worked by hydraulic pressure. 

“A touch of a handle by a skilled at- 
tendant causes the dies first to hold firm- 
ly and then to set up or shorten and 
squeeze the hot iron into form. If there is 
a hole to be made, a taper mandril passes 
through the dies, driving the red-hot 
iron into every crevice of the steel 
mould, the whole operation occupying 
onfy a few seconds. In connection with 
these hydraulic forging machines an ac- 
cumulator is used, and the cylinders be- 
ing of large diameter the hot iron is 
like soft clay in the hands of the potter, 
and pieces of work that would occupy a 
good smith with a couple of strikers for 
half a day are made perfect at once, and 
at a small cost; the chief expense for 
labor being the removal of the bars of 
iron to and from the smithy. The great 
expense is in the tools and plant, which 
could only be incurred in a country 
where the work is systematized to admit 
of repetition.” 

In drilling machines, the Americans 
have almost a specialty. The Morse 
twist drill is of course an American in- 
vention, and this is only one of many. 
Their latest improvement seems to be 
the use of a spiral tube for transmitting 
/power to drills round corners and in 

positions where the ordinary apparatus 
cannot act. On a small scale, this ar- 
|rangement has been employed for some 
years by dentists, but it is now employed 
for heavy work. A spiral is also used to 
stiffen a tube which has to be bent. It 
is stiff enough to prevent the tube col- 
|lapsing, and can be readily withdrawn 
| by winding it in its own direction, so as 
| to tighten the coils and reduce its diame- 
ter. The use of the emery wheel is, as 
might be expected, notieed by Dr. 
|Anderson, This is another practical im- 
| provement we owe to America. The 
wheel is there used for much work which 
|is generally effected by planing and 
|shaping machines. The required results 
are produced “not by the old system of 
hap-hazard grinding, but by well-defined 
|movement, rendered as certain in its ac- 
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tion as the ordinary tools employed in 
the various branches of engineering. 


For trimming rough castings, too, Dr. | 


Anderson saw these wheels largely used, 
and he was much struck by the way in 
which they did their work. 

In one respect “a new departure” has 
been taken by the Americans in punching 
metal, and in shearing and detrusive 
operations generally. 
cipally illustrated by 
shown by the firm of Hoopes and Town- 
send, of Philadelphia, and described by 
Dr. Anderson in the following words : 

“The articles shown consisted chiefly 
of nuts and other similar perforated 
specimens; all were of remarkable 


beauty, and were given away in pro-| 


fusion. These nuts had two peculiari- 
ties, they were of inordinate depth, and 
showed clearly that they had _ been 
punched cold. Visitors, however, did 
not hail this new fact in practical science; 
they said it was an impossibility for a 
§ inch punch, however good the quality 
of steel, to penetrate through 1} inches 
of cold iron; that whatever might be 
the explanation, a punch of that diame- 
ter could not do it without being broken 
or crippled. 

“In time the secret leaked out, for it was 
no imposture. The firm, in punching, 
take advantage of the fluid property of 
solid cold iron or steel by introducing the 
element of time into the performance of 
the operation, giving to the punch only 
such a load of pressure as it can com- 
fortably sustain, then giving up the 
reins to nature, when the instrument 


penetrates at a rate dependent on and in | 


proportion to the fluidity of the mass.” 
In the wood-working machinery there 

was very much to command attention. 

The saw-mill annexe was a characteristic 


and important part of the Exhibition. | 


There were circular saws whose velocity 
was only limited by the resistance of iron 
to centrifugal force, in one casea driving 
pulling having actually burst and gone 
off in pieces through the roof. A band 
saw 8 inches wide, and running at sixty 
miles an hour, was also shown, a striking 
contrast to the saw described a few lines 
above, “ little more than a steel thread.” 

In conclusion, Dr. Anderson sounds a 
note of warning to our own manufac- 
turers: 

“ Hitherto we have been justly proud 


This was prin-| 
the specimens 


, 
|of the perfection of the system and 


” organization in our cotton manufactories, 


What Arkwright did for the cotton mill, 
the Americans have introduced into 
numerous other branches, watch-making, 
for example, with equal advantage. In 
past times, England has been the nursery- 
ground of the manufacturing system; 
her factories have been visited, and her 
system of cotton and other textile manu- 
factures have been copied by all nations; 
but the time seems to have arrived when 
we shall have to visit America in the 


| same way, and for the same purpose, in 
/regard to the production of other things, 
and there is no time to be lost if we 
mean to hold our own in the hardware 
trade of the world, at least in regard to 
the class of things that are required in 
large number or quantity.” 


MACHINES AND APPARATUS USED IN SEW- 
ING AND CLOTHING. 

Mr. Paget’s report on this section in- 
cludes sewing and knitting machines, 
tailoring apparatus, watch-making ma- 
chines, &c. It was the first-named class 
of machines which constituted the prinei- 
pal portion of the group, and to these 
most of the report is devoted. As might 
be expected in the native country of the 
sewing machine (for such America must 
fairly be considered, despite the prior 
European attempts of only partial suc- 
cess), the display of these most popular 
labor-saving machines was extremely 
complete. Even in European exhibitions, 
America had eclipsed all rivals in this 
department, and on her own ground she 
was hardly likely to find competitors. 
Besides, there is no original machine now 
well known that is not American in its 
origin, and, consequently, all the sewing 
machines not exhibited by American 
makers were only copies of American 
machines. The extent of this industry 
in the States may be estimated from the 
fact that the yearly production of sewing 
machines is calculated 500,000, while 
during the last 25 years 2,000,000 
machines have been made and sold by a 
single firm. ‘his enormous business is 
chiefly in the hands of a few firms. It 
has developed into an elaborate system, 
requiring a large amount of capital, both 
from the long credits given and from 
the fact that extensive plant is required. 


| The details of the machines are all inter- 
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changeable, and this means a complicated 
and elaborate plant, which, of course, 
locks up capital. The convenience of 
this interchangeable system, both to 
buyer and manufacturer, is so great that 
firms employing it havea great advantage 
over others. From these causes the 
element of competition is greatly lack- 
ing; and Mr. Paget foretold what has, it 
is believed, proved to be the case—that 
the falling-in of a very important patent 
during the present year was not likely to 
make any difference either in the prices 
of the machines or in the firms making 
them. 

The machines tried were all exposed 
to very severe tests, it being considered 
desirable to try them upon work of a 
more difficult character even than they 
might fairly be expected to meet with 
under ordinary circumstances. The re- 
sult was that comparatively few passed 
all the ordeals successfully, though the 
best justified the rigour of the judges by 
doing so. Some of the machines were 
tested for easy working by driving them 
with a loop of cotton in place of the 
ordinary leather band, and the fact that 
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they passed this test may be taken as a 
proof both of the nature of the machines 
shown and of the way in which they 
were tried. The machine most approved 
was the new Wheeler and Wilson. The 
report also commends the recent im- 
provements in the Wilcox and Gibbs, 
by which the tension of the thread is 
made automatic, and the size of thread 
and needle for each sized stich indicated 
by the mechanism for altering the stitch. 
Other machines, whose names are as 
familiar to the public as the two above- 
named, are also referred to more or less 
favorably. A number of small motors 
for driving sewing machines were shown, 
but these did not officially come before 
the judges of this section, as they were 
considered among the “ motors.” They 
included, it may be noted in passing, en- 
gines worked by steain, water, electricity, 
and hot air. Several knitting machines 
are mentioned in the report, and various 
machines for tailors’ use are also briefly 
referred to. Among the exhibitors of 
watch-making apparatus, the American 
Watch Company, of Waltham, Mass., 
were the principal. 


THE ART SCHOOLS OF BELGIUM AND DUSSELDORF. 


By JOHN SPARKS, Head Master of the National Art Training Schools. 


From “The Architect.” 


I went to Antwerp, Ghent, Brussels, 
Dinant, Namur, Liége, Dusseldorf, and 
Cologne, and saw art schools in all those 
towns, though, with the exception of 
Antwerp and Dusseldorf, the students 


were in vacation. Hence the observa- 
tions I have to make are often founded 
on the statements of professors, and a 
close inspection of the drawings, and not 
always from actual personal intercourse 
with the students. 

The whole of the Belgium system of 
art instruction has a certain resemblance, 
whether it is practised for the develop- 
ment of artists or those Who practice in- 
dustrial art. These resemblances may 
be tabulated thus :—1. Gratuitous in- 
struction. 2. Compulsory attendance of 
all who join the classes. 3. Elementary 
and advanced classes in all the sections. 


4. For men only. 5. The working time 


is for six months in the year only. 6. A 
fixed time for the completion of each 
exercise. 7. A fixed time for a student 
to remain in any one section. The above 
principles are common to all schools, and 
they have but little modification and ex- 
pansion even in those schools where high 
art is the subject principally taught. 

The schools are supported from three 
different sources. The Government, the 
Commune, and the Province all con- 
tribute to their maintenance. The Muni- 
cipality prevides the building, the Goy- 
ernment and Province contribute money 
for the professors’ salaries and for,exhi- 
bitions for students. Teachers are ap- 
pointed in some towns by the Muni- 
cipality, in others by the State. The 
higher professors and directors are Gov- 
ernment appointments. All schools are 
under Government inspection and are 
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but considerable room is left for develop- 
ment to meet local necessities and the 
views of individual professors. 


ernment model is that at Ghent; all the 
others are so modified by the above- 
mentioned influences as to be in great 


measure the product of the localities | 


where they exist. Prizes, which are 
chiefly honorary, are awarded by a jury 


of professors and local artists and mem- | 


bers of the municipal body. They all 
have a local character, except 
granted by the State, as exhibitions and 
traveling studentships to the Schools of 
Fine Art. The courses are graduated, 
but the students pass from one grade to 
another at the will of the professors. 
Examinations in theoretical subjects take 
place annually, and usually theory and 
practice are taken together in order to 
come toa decision on a student’s position, 
so that clever handicraft in drawing is not 
allowed to come to the front if it is not 
also associated with sound reading. 
ANTWERP. 

To take the schools more in detail, 
Antwerp is a Reyal Academy of Fine 
Art, and the instruction is arranged with 
the intention of developing a painter, 
sculptor, or architect to the highest 
point. A section of the work here, how- 
ever, is applied to the education of orna- 
mentists, chiefly decorators, A student 
enters for one or the other of these two 
sections. There is no continuous course 
of study which leads from one to the 
other; thus, while in the School of Fine 
Art ornament and = archeology are 
taught, and in the School of Ornamental 


Art, in the same academy, figure drawing | 


is taught, it is always understood and 
kept in view that in one case it is orna- 
ment for artists, and in the other that it 
is figure study for the decorator that is 


given. 


The elementary classes, corresponding | 


with our artisan art classes, meet only in 
the evening, from October till April. 
The Fine Art classes are open from 
October till August. April and Septem- 
ber are months of vacation. In this 
section the daily work is from 6 in the 
morning to 5 in the afternoon in summer, 
and from 9 in the morning to 8 in the 
evening in winter. 


BELGIUM 


an ] 
nominally under a Government system, 


The | 
only school really formed on the Gov- | 


those | 
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In the course of study for ornament, 
| the students begin by copying an outline 
|of ornament, and proceed to copy an ex- 
ample of shaded ornament with black 
aud white chalk, and carry on this 
method of copying from the flat until 
they pass into the class of mural decora- 
tion. Here they are required to form 
compositions of ornamental forms for 
decoration, and in the same course to 
copy white casts of ornament on a large 
scale, the power of imitating the white- 
ness of the cast being much prized. The 
whole plan of instruction does not run 
into figure work, except so far as an or- 
namentist requires a knowledge of the 
figure. The ultimate practical product 
of this school is not such as to justify 
any imitation of it in this country. 
In the Fine Art Section there 
three courses of figure instruction: the 
elementary, the middle, and the ad- 
vanced. ‘The course of figure drawing 
commenced by outlining drawings 
from rather coarse but strongly drawn 
lithograph copies of heads, masks, or 
extremities, always the size of life. In 
examples everything very 
The second step in 


are 


1S 


these is 


strongly expressed, 
this course of outline is where the student 
draws the whole leneth figure, still from 
the copy in outline, on which the pro- 
portions are marked; while still in the 
elementary section the student copies a 
drawing of a head, or torso, done by 


some past student or perbaps a 
fessor, with the view of learning the 
quickest method of laying in a drawing. 
Therefore the stump is employed with a 
restricted use of chalk added to it, but 
nothing like our method of “ stippling ” 
is permitted, and the head is treated in 
the largest, broadest method of light 
and shade; no reflections are represented, 
and only the largest half tints are ex- 
pressed. It is an exercise to help the 
student to master his material, while at 
the same time he learns to see the mode! 
in its simplest masses, 

‘he middle course is now taken up. 
In the lower section of this course the 
student draws from casts of masks and 
parts of faces, limbs, hands, and feet, 
and groups are made of these. The 
torso and full bust are the middle section 
of the middle course. ‘The principle of 
having a fixed time for each exercise is 
strictly carried out, and each object or 


pro- 
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group of objects is changed every week. 
The advanced section of the middle 
course is drawing from the whole antique 
figure; each figure is placed for eight 
days, and is worked at two hours every 


day; therefore sixteen hours is the whole | 


time allowed for the completed work. 
The exception to this is only when figures 
are drawn for competition: then twenty 
hours are allowed, the additional time 
being given in consideration that the 
student receives no advantage from the 
professor’s supervision. A time limit is 
imposed on students in this section; that 
is to say, if they are not passed on into 
‘the highest class in two years it is as- 
sumed that they have no strong gift for 
their profession of painter, and are de- 
nied the privileges of the school. 

The next step is with the advanced 
course, where they paint from the life, 
having either the head or both head and 
torso. The head is painted in eleven 
hours; the model sits on two consecutive 
days for five hours and a half each day. 
The torso is painted in twenty hours on 
four days. In this painting practice the 
student applies the teaching he has had 
from the beginning of his career, viz., 
that form consists not only of outline in 
profile but in actual projection towards 
the spectator, and has to be truly repre- 
sented by a double expedient; one is the 
contour, where the form cuts against a 
background, for example, and the other 
is tone (or change of real color), by 
which means only all advance and re- 
cession of surface is expressed. This 
practice is combined with drawing from 
the whole length living model. It is a 
morning class from six to eight in sum- 
mer, and an evening class in winter. 
Sixteen hours is the time allowed here, 
two hours a day on eight days. No 
female model sits in the classes. 

Throughout the whole school the pro- 


fessors do not touch the students’ draw- | 


ings, but giving many illustrative 
sketches at the side of the drawings, and 
insist on great accuracy in proportion, 
form, and anatomy. Local color or tone 
is everywhere insisted on, as leading to 


the painter’s practice more even than) 


forms in contours. Everything is ex- 
pressed with the least amount of me- 


chanical work, hence no stipple or elabo- | 


ration of tints with either stump or chalk 
is permitted. The consequence is that 
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|the apparently short time that is given 
to the work is, in reality, amply suffi- 
cient for the purpose. Each student in 
one year’s practice in the antique and 
life school commences and finishes draw- 
ings of thirty-three whole-length antique 
figures, and has obtained experience and 
power in his work. In this matter, 
especially, the contrast of our system to 
that of Antwerp is seriously to our dis- 
advantage. 

The student in sculpture passes 
through a similar course. He draws the 
outline copies for proportion and action, 
and the fitting of limbs and head and 
body together, then models from the 
mask and extremities, and the bust. In 
the higher elementary course he models 
the torso. In the middle course he is 
taught the principal of bas-relief, and 
models the whole figure in relief and in 
the round. Finally, in the advanced 
course he models from the life. For the 
modeller of ornament a similar course is 
prescribed. In the elementary course 
he models in clay from simple copies in 
plaster, and then works out similar 
designs from drawings. In the middle 
course he carries on his work from draw- 
ings or greater intricacy, and in all 
grades of relief; and, finally, in the ad- 
vanced course he models flowers and 
foliage from nature. He then passes on 
to the section of applied arts, and works 
out original compositions for various 
purposes in various materials. This sec- 
tion is perhaps better in theory than in 
practice. 

The architectural course is remarkably 
thorough and good, but does not 
immediately apply to the subject I had 
more particularly to report on. 

An essential part of this system is the 
combination of theory and practice. 
The work of each day closes with a lec- 
ture of an hour’s duration, and these lec- 
tures are attended by the students ac- 
cording to their position in the school. 

These lectures are on the following 
subjects :—1. Perspective, linear aérial, 
or picturesque; 2. Costume and anti- 
quities; 3. History; 4. Anatomy of 
bones and muscles; 5. Expression; 6. 
Esthetics, or comparative history of art 
in different schools, with their tendencies; 
7. Composition, that is, historical paint- 
‘ing, or modelling; 8. General literature. 
|The above course is compulsory on all 


so 
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students in painting, sculpture, and archi- 


tecture who are in the advanced sections, 
and an examination is conducted for the 


highest rewards annually, in which the | 


student who is successful must have 
come out well in all the subjects that are 
taught theoretically, as well as in those 
which more relate to practical art. I 


cannot speak too highly of the excellence | 


of the drawings and paintings executed 
in this school. A great amount of 
power and handicraft is developed, but 
this properly subservient to the 
thorough understanding of the model, 
and also to the student’s individuality. 
The highest competitions for the 
traveling studentships are conducted on 
the usual continental plan, viz., a sketch 
is made in a day of the subject which 


is 


has been drawn, in the manner of a lot-| 
The students who enter still into | 


tery. 
competition are then confined to a studio 
from early morn till late at night for a 
certain number of days, and produce a 


picture after their sketch. The materials | 


they require, such as models, costumes, 
&c., are supplied by the Academy. The 


same plan is adopted for the competition | 


in sculpture and architecture. 

These competition works, when pro- 
duced “ 
their power and the evidence they give 
of perfect command of the material. 


Other classes in Antwerp are those for | 


engraving on wood, on copper and steel, 
and for naval architecture. 
BRUSSELS. 

At Brussels the Royal Academy of 
Art was not to be seen, as the old build- 
ing of the Academy had been pulled 
down, and the new one, on a very fi 
spacious plan, with good exterior eleva- 
tion, was not finished. The classes had 
met in various rooms belonging to 
primary schools during tlte winter, but 
the inconveniences were so great that 
they had given up their meetings early 

‘in spring. Being thus unable to investi- 
gate the system of work by the Academy, 
I had the greater opportunity of seeing 
the practical working of the art-work in 
primary schools, and in those which 


ie 


correspond with our night classes. These | 


were in full operation, and I visited—1. 
The Model School; 2. The Normal 
School; 3. The School of St. Josseten- 
Noode; 4. The Free University; 5. The 
“Ecole professionelle des femmes.” 


en loge,” are remarkable for! 
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The Model School is a secular school, 
of which many are established in Bel- 
'gium, as a protest against clerical domi- 
jnation. They are absolutely without a 
religious system of teaching. _ Many 
friends of the anti-religious party assume 
that all a child should learn at school is 
such as can be taught on a scientific 
basis as distinguished from a speculative 
one, and, consequently, science is the 
basis of their system of instruction. The 
root of a scientific education is double— 
one is arithmetic and mathematics, the 
other is drawing. Hence we see a great 
|development in the application of draw- 
| ing to education; for instance, geography 
|is almost wholly taught by drawing on 
|the black board, made by the teachers 
;and copied by the children; physiology 
and entomology, and other sciences, are 
taught in the same manner. The black 
boards surround the room, a dado 
adjusted to the children’s height; and 
on these they add line to line, following 
the teacher, and develop the plan of the 
| town, the construction of a country, the 
anatomy of an insect, or the anatomy of 
the human body. 
| In the lower classes the instruction is 
given by a graduated system, invented 
by Mr. Hendricks, and does not mate- 
rially differ from our own except in one 
particular; it is that the drawings, 
whether of straight lines or symmetrical 
curves or floral forms, are all made to a 
large scale. In a large communal schoo! 
—for girls—the same system is admira- 
bly carried out; drawing is thus made 
to subserve an important use in general 
education, and the children are brought 
up in the practice of expressing their 
knowledge and thought through their 
handiness in chalk drawing. It was 
natural to find that sufficient opportunity 
and teaching were given to the pupil- 
teachers of the town to qualify in this 
art of drawing diagrammatically on the 
black board. This was seen in a class in 
the normal school for teachers, where 
youths and young men who had passed 
the morning in the primary schools came 
to carry on their own higher studies in 
the afternoon. The drawing lesson was 
iby Mr. Hendricks himself. The draw- 
ings that were being done were four and 
| five feet long, and were nailed down to 
large desks, which served as drawing 
boards. The original drawing, of ordi- 


as 
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nary octavo size was placed in a frame 
before the student, and glazed, so that 
no measurement on the surface of the 
copy could be made. The originals 
were elaborate engravings of ornament, 
shaded. The copies were first made 
correct in outline, and then were either 
stumped in chalk or washed in water 
color with the greys and shadows, to 
produce the effect of the original draw- 
ings. Everything is translated, not 
slavishly copied. <A lithograph copy is 
not imitated as a lithograph, but 1s en- 
larged, and then translated with sepia, 
Indian ink, or stumping chalk. ‘The ad- 
vantage of this more thoughtful method 
over the comparatively thoughtless one 
of mere mechanical imitation was shown 
where the students drew from the cast. 
The habit of translating and interpreting 
was already formed, and they drew well 
from the cast from the beginning of their 
practice. In the drawing from the cast 
the objects for light and shade were sim- 
ple, and required but little drawing; 
thus the students’ attention was concen- 
trated on the large masses of light and 
shade, the reflections being carefully 
ignored in the first steps of the work. 
Elementary design also was being taught, 
but it went no further than the composi- 
tion of simple geometrical lines to pro- 
duce patterns by their intersections, 
bringing out frets of various angles and 
repeats, more ingenious than useful. 

The drawing at the Université Libre 
was that of the ordinary polytechnic 
school of the Continent, and is confined 
to the students of that section of the 
University. The subjects are model 
drawing from geometrical forms; me- 
chanical and architectural drawing. All 
are thoroughly drilled in perspective and 
the projection of shadow. Viollet le 
Due’s plates are extensively used as ex- 
amples for construction and for drawing 
copies. The classes for construction 
study the various questions of strength 


of material and resistance, and all scant- | 


lings were worked opt arithmetically. 
The “ Association pour l’enseignment 
professional des femmes” have a school 
in which women, principally young girls, 
are trained in various subjects to qualify 
themselves for employment. A sort of 
apprenticeship system is adopted, by 
which the constant attendance of the 
girls is secured for three years. Book- 
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keeping, English and German languages, 
for those who wish to qualify as clerks, 
are taught. Dressmaking, with scientific 
cutting out. Artificial flower making in 
another section. In practical art the 
classes are formed for drawing ornament 
from copies and the cast, elementary de- 
sign, painting on fans, and on china and 
earthenware. An excellent set of copies 
for the construction of ornament is used. 
All copy work is enlarged considerably, 
and cast drawing is stumped and repre- 
sented in the simplest light and shade. 
The figure drawing from the bust and 
extremities was very good, large in style, 
and of simple light and shade. ‘The 
school is partly self-supporting, but re- 
quires subscriptions to meet the payments 
to teachers, &c. It is interesting to see 
that the exclusion of women from the 
advantages of secondary education is be- 
ing abandoned in Brussels. 

The evening classes held in the upper 
floor of the primary school of St. Josse- 
ten-Noode, a suburb of Brussels, may be 
fairly compared with the similar classes 
held in our district schools. There are 
300 to 400 students who work every 
evening from 7 to 9, and are taught 
gratuitously various subjects useful to 
the artisan population which fills the 
suburb. Building construction, such as 
walls for bricklayers and masons, joiners’ 
work, metal work for locksmiths, are 
carefully fitted to the particular trades 
of the students. 

The course of ornament is excellent 
for construction, or analysis is taught 
from the beginning, from exceedingly 
good copies, by Mr. Hendricks. These 
are always drawn enlarged to about the 
size of an imperial sheet in charcoal or 
chalk. An advanced course of copying 
from ornament is formed of those 
students who copy elaborate designs 
from the flat of partly natural and partly 
conventional construction on large sheets 
of paper, 4 feet long. A firm strong 
chalk line expresses all the contours. 
The light and shade is filled in either 
with the stamp or with washes of Indian 
ink. Finally, the students in this class 
compose ornament, certain conditions be- 
ing given by the professor, such as a spiral 
line and a drawing of an olive branch, 
to be worked into an Italian panel of the 
cinque-cento type, and so on. These are 
always worked out toa large size—about 5 





feet seemed to be the usual length. The | 


arrangement of the desks here is not un- 
common in Belgium. All the 
stand to their work, and pin or nail their 
paper down to the broad desk before 
them, which is painted black, and is of 
size sufficient to take the large sheets of 


paper in use. There are thus no drawing | 
boards in the school, except only in the| 
| each object when it is posed. 


architectural section. 

The section of drawing from the cast 
was excellently represented. Cones, 
spheres, or other geometrical figures, 
are placed on a moulded or hemispheri- 
cal or other shaped basis and then hung 
to the wall, so that the apex of the 
figure points towards the student, while 
the base is parallel to the wall; and 
being then strongly lighted by a side 
light, the shadows naturally fall over 
the moulded surfaces, and give great 
variety of depth and tone. 


ples of Roman ornament (the Trajan 
scroll, for instance) ; everything is ren- 
dered realistically, that is, the whiteness 
of the plaster is the first thing to be 


noticed, then all the gradations from | 


light to dark. The stump and chalk 
alone are used, but to such good effect 
that the drawings are true to illusion. 
The classes for the antique and life pre- 
sented nothing remarkable, except from 
the fact that the antique drawings, 


even from the full-sized figures, were | 


always the size of the casts. A day- 
light class for painting the head of the 
living model was an exceptional thing, 
but had produced good firm painting 


from copies, intended to show to inex-| 


perienced students where the greys and 
local color were to be found, All the 
painting was direct imitation, without 
any method of work being discernible. 
A painting school, having for its aim the 


through the elementary course to the 
composition of ceilings and wall spaces 
with geometric lines and panels of deco- 
rative forms, either conventional 
natural, or to any given historic style. 
The highest art practiced in the class is 
the painting of flowers and groups from 
nature. These were always done the 
size of nature, and with arranged back- 
grounds, and the usual time for a flower 
and foliage, such as a group of peonies, 
is three hours. 


or 
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Shading is 
also carried on from large casts, exam- | 
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are awarded to each section 
yearly by a jury of professional artists 
and masters in various trades. The 
awards are made on the whole mass of 
work. No award is made to a small 
amount of work, however good. The 
time limit is not a hard and fast rule 
here. The professor gives out the time 
that he thinks sufficient to complete 
The time 
is, however, short, as a large Roman 
acanthus nest of a seroll was done in 
ten hours. My general impression is, 
that in the system of drawing ornament 
on principal and planned construction, 
this school is far in advance of anything 
we have in England; so with the imita- 
tion of the cast in the elementary 


Prizes 


| classes, and also in painting from nature, 


all of which is done by a certain power- 
ful straightforward method, quite in 
contrast to the methods in use in the 
average English art schools. 


NAMUR, 


At Namur is an academy of painting 
and drawing, conducted on the same 
general principles as that at Antwerp; 
but copying from the flat, especially 
heads in oil and still life in water color, 
is carried on to a greater extent, to the 
disadvantage of the students. The 
copies were poor and the originals not 
good. It is evident that, although the 
system may be excellent, yet that very 
much depends on the capacity and power 
of the teachers. I cannot but think that 
at Namur the want of careful supervi- 
sion was evident in the students’ works, 
although this opinion is not formed on a 
large experience of the drawings, as the 
students were in vacation, and not one of 
the professors was in the town. Here, 
as at other provincial towns, the “ plant,” 


|that is, desks, gas arrangements, tables, 
production of decorative artists, worked | 


stands for framed copies, &e., is all 

excellent, and there also seemed to be 

abundance of room to each student. 
DINANT. 

At Dinant the same system is said to 
be in operation, but the whole town 
was en féte, and I could not obtain 
access to the rooms in which the School 
of Art met. 

LIEGE. 

At Liége I found an art school of 

300 students on the usual plan, Ze, a 
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seat or place to each elementary student, 


two advanced sections and two ele- 


ample space in large rooms specially |mentary; that is to say, the work done 
lighted, and graduated classes working | from extremities and the torso is distinct 


up to the highest art school practice. | 
The works of a recent annual compe- 
tition were shown me, and were all of | i 
high quality. Every exercise was the 
result of twenty hours’ study. In the) 
modeling school there were : Model 
from life, three feet six inches in height, 
in high relief, and in strong, somewhat 
exaggerated style, but manly and full of | 
character and knowledge of anatomy. 

Model from the antique—very good. | 

Elementary work from the bust was 
excellent in style and power. 4. Model- 
ing from a drawing. The original 
a rich Roman scroll, full of detail, and 
eighteen inches long. This was increased 
to. thirty inches, admirably done, and) 
gered finished in twenty hours. 

Architecture; here also the same time 
was allowed, viz., twenty hours for an 
excellent drawing of an Ionic portico 
and fagade with a gateway; the propor- 
tions, ete., are given in description. 

Architectural design. In the compe- 
tition in this class a written specification 
of a subject is drawn from a bag and 
given out. The last was the peristyle 
of a university building in the Italian | 
sixteenth century style. The sketch is 
made in a day, then twenty hours are 
allowed to work it out; the result being 
a highly-finished design, far beyond 
what is obtained from our students. It 
a different thing from the general 
and is arranged for architects 
solely, and attended by men who pass 
all their time in this study. All stu- 
dents are superannuated at twenty-one 
years of age. They enter the school as 
young as ten years of ag 
* Lectures on theory are given, and ex- 
aminations are held in the subjects of 
these lectures, with only one exception. 
They are: Perspective, elementary and 
archeology, or history of art (but on 
this subject t there is no examination); ex- 
pression—anatomy ; ; construction; de- 
scriptiv e geometry, and ornament. 

In the middle and elementary sections 
the practice prevails of enlarged work 
all done within a time limit. The imita- 
tion of the plaster was a matter much 
insisted on; dark backgrounds are in- 

variably used and imitated. 

As at Antwerp, the figure class is of 


is 


course, 


ace, 


| and the life. 


|architects or painters, 


| 300 students, 


from the antique, as we understand it, 
The student thus graduates 


in his work. The drawings from life 


| were well drawn, but roughly and im- 


perfectly shaded compared with those 
from Antwerp. 

For the whole school of 300 students 
there are ten professors, who are engaged 
for six months in the winter. They are 
who thus occupy 
themselves during their evenings at a 
season when their time is of small value. 
A very superior class from which to 
draw teachers is thus available. Of the 
twenty form an advanced 
art class, and paint from life, and com- 
pose pictures under the director. Of 
these, some who do not come under the 
definition of artizan pay twenty francs 
annually for their instruction; otherwise 
it is free. The town provides and keeps 
the buildings. The professors are paid 
salaries from a fund partly voted by the 
Government and partly by the province. 
Medals and honorable mentions are 
awarded every two years by a jury of 
local artists , Government inspectors, and 
the professors, The school seems to be 
doing a large and important work in the 
Birmingham of Belgium, especially in 
the modeling sections. ‘Students from 
this school hold lucrative appointments 
as modelers for silver and metal work in 
England. 

GHENT. 

The school at Ghent is in some sort 
the most interesting school of any in 
Belgium, for here the pure and simple 
Government system is carried out with- 
out any mixture of local influence to 
modify or suppress any part of the 
scheme. The elementary rooms are 
three in number, extending in one line 
250 feet. They are twenty-nine feet 
wide, and accommodate 600 students 
sitting at their desks, with ample room 
toeach. This portion of the school is 
only used as an evening class six nights 
a week. The professors arrive five 
minutes before the doors are opened, 
and remain till all the students have 
left. The course is planned for a three 
years’ practice in the elementary rooms, 
to be supplemented by a further course 
of two years in advanced classes. 
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The lowest elementary class practice 


is drawing from an ornament, drawn by | 
the professor, line by line on the black- | 
board. This may be a simple or a com- | 


plicated piece of work, and may be finish- 
ed in one evening or in four. On two 
nights in each week the students draw 
on paper; on other nights they draw on 
their black desks with white chalk. In 


this section the students are thoroughly | 


drilled in the construction of ornament, 
from the simplest geometrical form to 
the most complicated. In the second 


year they draw, in light and shade, from | 


models and geometrical figures, devised 
especially to teach all the variety of 
light and shade on mouldings, on spheri- 
cal or cylindrical surfaces, and the 
shadows of these, cast on to every 
variety of background. In the third 
year they draw from the cast of the 
figure, that is to say, masks modeled so 
as to be clearly seen, and of colossal 
scale, for the same end. This mask is 
lighted by a gas arrangement independ- 
ent Of the lights by which the students 
work. These students’ lights are screen- 
ed from the cast, so that it is visible 
Above the mask 


only by its own light. 
on a shelf is placed a cube and a cylin- 
der, in order that the students may see 
the light and shade of the largest sur-| 
faces of the cast in their simplest ex- 
pression, the cube showing the largest 
planes, the cylinder the gradation in the 


half tone to the shadow. In the same 
section is a class for the torso and ex- 
tremities. 

All students, whether painters, de- 
signers, architects, sculptors, or of any 
other calling, must pass through this 
three years’ course. Architects then 
follow a course of ornament, always 
shaded; sculptors then model; the paint- 
ers pass on to the whole-length figures 
and the life. This class and that for 
painting from the model is reached in 
the fifth year. Although this is the 
course always prescribed, yet much is 
left to the discretion of the teacher, who 
may promote any student to the class 
above his own if he is satisfied that the 
student can do the work required intelli- 
gently. In the antique or life classes, 30 
hours is the time allowed for the comple- 
tion of the drawing or model. Advanced 
students draw in charcoal and stump the 
size of life from the model; this is done 
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occasionally. The modelers form the 
outer ring in the artisan and life schools, 
and always work in relief. 

The course of architecture is probably 
the most thorough and complete in Bel- 
gium. The teaching of this art is based 
on classic forms. There are three classes, 
/one (the lowest) works from large flat 
copies which have all the dimensions, 
sections, &c., of the orders. The second 
class carries this copying system further 
by working out details, plans, and eleva- 
tions of known buildings. The third 
class works at compositions and designs. 
All this study is still based on classic 
models, but special classes are formed 
for the study of the Romanesque and 
Gothic styles. A valuable feature in the 
elementary classes is a set of models to 
a large scale of the orders from base to 
pediment complete. 

In the competitions, which are annual, 
for honors, the work is done strictly 
against time. In alternate years the 
highest prizes are awarded, all competi- 
tion is done under strict rules, the 
students’ sketches are made in locked 
studios : one man in each room, which 
he does not leave for twenty hours : he 
is during this time cut off from any op- 
portunity of obtaining assistance in his 
work. 

The sketch thus produced is examined, 
and, if worthy, is the basis of a finished 
drawing to a large scale, if in the archi- 
tectural, or of a painting if in the paint- 
ing class, which must be finished in 40 
days. No deviation from the original 
design is allowed. There are 200 students 
in the class of architecture; 30 of these 
are in the highest class, of which number 
20 are in the Gothic section. 

Concurrently with this practical work 
are lectures on theory. All the element- 
ary students above the lowest class at- 
tend lectures on perspective and geome- 
try. Those in the upper elementary 
classes carry on their perspective into 
advanced work, and add descriptive 
geometry, the architects adding trigono- 
metry and algebra, the painters anatomy. 
In the highest classes of the fourth and 
fifth year, all, ¢.¢., painters, sculptors, 
and architects attend lectures on the 
proportion of ancient building. The 
architects work at perspective and stere- 
otomy. The painters and sculptors now 
add advanced anatomy, archeology ; 
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especial stress is laid on the history of 
arms, armor, costume, domestic archi- 
tecture, &c. A peculiarity worthy of 
adoption is that of providing ample 
space, so that the student sits at arm’s 
length from his board, which is never 
moved from its support in front of him. 
The teachers never touch the students’ 
work. Here, as at every other school of 
importance, there is a gallery of casts or 
store room, in which each cast, whether 
of extremities or whole length figure, has 
its place. The whole length figures are 
on castors, and are wheeled into the 
antique room as they are wanted. Only 
one cast at a time is there. 

The impression conveyed by seeing 
the work of the whole school is that the 
architects’ training and work are excel- 
lent, perhaps the best in the country, 
and far in advance of anything provided 
in this country. The figure work, al- 
though very good, is not so excellent as 
that produced at Antwerp. The element- 
ary system is carried out to perfection, 
but perhaps too elaborately, considering 
that it is only a preparation for a higher 
end in artistic practice. And the figure 
work did not seem to lead so directly to 
the development of the painter as at An- 
twerp, the figure paintings that were 
shown me being inferior in brightness 
and effect to those of the Antwerp 
school. The student does not paint so 
soon as at that school. 

The obvious deduction to made 
from the whole Belgium system is, that 
while good teachers produce good 


be 


students, irrespective of system, yet that | 


the Belgium system is in advance of our 
own at certain points, which may be re- 
capitulated here :—1. Ample buildings 
for the school, so that every cast is well 
lighted, well seen, and drawn from in 
comfort; 2. The time limit that is placed 
on every work, whether for practice or 
for competition ; 3. The universal teach- 
ing of students to imitate what they 
copy on the assumption that they are all 
to become painters; 4. The plan of 
theory by lecture and practice in the 
schools being carried on simultaneously, 
and stern examinations in both. 


DUSSELDORF. 


In Germany a different system is met 
with; for instance, at Dusseldorf all 
students pay for their instruction. - In 


the elementary school instruction is given 
in drawing from copies, usually outline, 
of a large but somewhat coarse character, 
and from shaded drawings of heads and 
extremities; these are copies done by 
professors or advanced students. Form 
in contours and method of manipulation 
| are chiefly looked to here. The proper 
intonation of the drawings from the 
figure or from the cast is not attempted 
in this stage; hence the use of white 
chalk on gray paper is common. 

In the antique and life schools draw- 
|ings are made also in this manner, and 
students compete for promotion from one 
section to another, with drawings the 
size of the casts, which are done in a 
| fixed time, which varies according to the 
professor’s prescription.: The advanced 
classes are those which work in the 
| studios of the academy, and paint pictures 
under the eye of the professors of com- 
position; thus the young students are 
brought in contact with the leading men 
of the country. This section is very 
vital to the traditions of the school, and 
here the future artist is formed in style 
and habits of thought. The chief pro- 
fessor does not remain many years at his 
post. Seven or eight years is probably 
the time each composition master passes 
| with his students. Students work about 
|five years in the Academy; they must 
|pass into the life classes in two years; 
if not they are denied the privileges of 
the school. In the life school the student 
| paints at once from the head, and draws 
jat night from the nude figure. 
| Here again is no fixed time other than 








| that prescribed by the professor; at one 
| time a head will take a month to finish, 
iat another it must be done at a single 

sitting of five hours; he thus exercises 

his students in observation and extreme 
|finish; at others, urges them to express 
| their knowledge in the most rapid man- 
iner. There is throughout no great re- 
|spect for academic traditions, but an 
learnest striving to discover and foster 

the individuality of the student; there is 
}no compulsion in attendance, and no 
jearly work. The standard from an 
|} academic point of view is not so high as 
| that reached at Antwerp. 

The hours of attendance are 9 till 12 
jand 2to 4, Painting or drawing with a 
life class for two hours in the evening 
from 6 to 8 or 7 to 9. 
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The fees are 12 thalers per annum in| 
the antique school (£1 16s.), 24 thalers| 
in the life school, and 36 thalers for the! 
studio. This latter payment includes | 


COLOGNE. 


In Cologne there is an art school meet- 
ing in the museum under the direction 


gas and heating, and all properties and|of a well-known local painter of land- 


apparatus, but not models. There are| 
about 40 students in the antique school, 
about 20 in the life school, and 12 to 15 
in the studios. In general no great re- 
liance seems to be placed on the system, 
but very much on the teacher. 

It happens that many students com- 
mence work who are unfited for develop- 
ment in high art. It is generally regret- 
ted by past and present professors that 
there is no school for industrial art which 
could absorb those persons who miss 
their aim in painting as a fine art. 


‘work of an English art school. 


scape and genre. The drawings are 


neat, and elaborated on gray paper with 


white chalk, not better than the average 
All the 
work from the casts truly represents the 
texture, color, and relief of the original. 
In the absence of any official connected 
with the school, I could not ascertain 
the plan of work. 

In general the impression conveyed 
by the drawings was that they are some- 
what overworked with an artificial me- 
chanical finish. , 


THE SURVEYS OF INDIA—THE TRIGONOMETRICAL SURVEY. 


By F. C. DANVERS, A.1I.C.E 


From “ The Quarterly Journal of Science.” 


Tue surveys of India may be divided | 


into two classes—viz. the Great Trigono- 
metrical, and the ‘Geological. In con- 
nection with the former, other minor 
operations are undertaken under the 
title of topographical and revenue sur- 
veys, to which we shall refer more par- 
ticularly in due course. 

The idea of a great trigonometrical 
survey of a country, to be undertaken by 
the Government of that country, was 
first conceived by General Watson, at 
the suppression of the rising in Scotland 
in 1745. The execution of it was com- 
mitted to General Ray, and was original- 
ly intended to extend no farther than the 
disaffected districts of the Highlands. 
The design, however, was subsequently 
enlarged, and the grand trigonometrical 
survey of Great Britain and Ireland was 
projected. Perhaps a more important 
survey, in some respects, than the British 
one was that undertaken by the French 
nation at the period of the Revolution. 
About that date the philosophers of 
France undertook to introduce a great 
reformation in regard to all those habits 
and usages of men which have referencé 
to numbers, and everything—lengths, 


areas, moneys, weights, periods of time, | 
‘an are was entrusted to MM. 


ares of circles—was to be numbered by 


tens, hundreds, thousands, &c. The 
question then came to be, What should 
be adopted as the basis of this standard, 
which was designed not only for France, 
but for the world? This question 
having been brought to the attention of 
the Constituent Assembly, it was pro- 
posed by M. de Talleyrand, and decreed 
accordingly, that the Parliament of 
England should be requested to concur 
with the National Assembly in fixing a 
natural unit of weights and measures; 
that under the auspices the two 
nations, an equal number of Commis- 
sioners from the Academy of Sciences 
and the Royal Society of London might 
unite in order to determine the length of 
the pendulum which vibrates seconds in 
the latitude of 45° (as proposed originally 
by Huyghens), or in other latitude that 
might be thought preferable, and to de- 
duce from them an invariable standard 
of measures and of weights. The Com- 
mission named by the Academy had 
under their consideration three different 
units, namely, the length of the pendu- 
lum, the quadrant of the meridian, and 
the quadrant of the equator. The length 
of a quadrant of the meridian having 
been determined on, the measurement of 
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and De Lambre, who began their labors 
in 1792, and thus commenced the trigono- 
metrical survey of France. 

The origin of the Great Trigonometri- 
cal Survey of India was not unlike that 
of the first Scottish Survey. After the 
successful termination of the war with 
Tippoo Saib, at the close of the last 
century, Captain Lambton (who had 
previously served as a surveyor 
America, and who joined Her Majesty’s 
33rd Regiment at Calcutta in the year 


1797) brought forward his plan of a geo- | 
graphical survey of part of the territory | 


in} 


that had been conquered, and he pro- 


'posed to throw a series of triangles 


across from Madras to the opposite coast, 
for the purpose of determining the 
breadth of the peninsula in that latitude, 
and of fixing the latitudes and longitudes 
of a great many important places, which 
were believed to be very erroneously de- 
termined in the survey previously exe- 
cuted by Colonel Mac Kenzie. Captain 
Lambton first submitted his plan to 
Colonel Wellesley, in whose regiment he 
had formerly served, who at once sent 
up the proposal to Government support- 
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ed by his strong recommendation. Lord 
Clive was at that time Governor of 
Madras, and warmly approved of the un- 
dertaking, and it was accordingly 
sanctioned by Government. 

The first base line measured by Colonel 
Lambton was on the table land of 
Mysore, near to Bangalore. The chain 
used by him was one of blistered steel, 
constructed by Ramsden, and precisely 
similar in every respect to the one used 
by General Roy in measuring his base 
of verification on Rumney Marsh. It 
consisted of forty links of 24 feet each, 
measuring in the whole 100 feet, at a 
temperature of 62°, and fitted with two 
brass register-heads, with a scale of 6 
inches to each. This chain, it appears, 
had originally been sent with Lord 
Macartney’s embassy as a present to the 
Emperor of China, and having been re- 
fused by him, it was made over by his 
Lordship to the astronomer, Dr. Dinwid- 
die, from whom it was purchased. The 
measurement of this base line was com- 
menced on the 14th October, 1800, and 
completed on the 10th December follow- 
ing. Its total length was 7.4321 miles. 

Whilst these operations were being 
carried on, an order was on its way to 
England for a supply of instruments of 
the best manufacture that could be ob- 
tained. Amongst these was a new chain 
which Colonel Lambton never allowed to 
be taken to the field, but it was reserved 
as a test, whereby that actually used 
was constantly verified. The other in- 
struments received from England were a 
36-inch theodolite, by Cary; an 18-inch 
repeating theodolite, by the same maker; 
a 5 feet zenith sector, by Ramsden; a 
standard brass scale, by Cary; and several 
small theodolites, by different makers, 
for minor purposes. These instruments 
were the finest that the state of art at 
the commencement of the present century 
could produce. 

On the 10th Apri!, 1802, the real com- 
mencement of the Great Trigonometrical 
Survey of India was made, although at 
that time the extent to which those 
operations would be ultimately carried 
was not even contemplated. Upon the 
resumption of operations no notice ap- 
pears to have been taken of the Banga- 
lore base line. Work was commenced 
by the measurement of a fresh base line 
af 40006.4 feet, on a plane near Saint 


Thomas’ Mount, Madras, at no great 
distance from the shore, and nearly on 
the level of the sea. From this a series 
of triangles was carried, about 85 miles 
eastward, north as far as the parallel of 
13° 19’ 49” N., and south to Cuddalore, 
in latitude 11° 44’ 53’, embracing an ex- 
tent of about 3700 square miles. Before 
describing further the progress of the 
survey, we must pause for a moment in 
order to give some account of the care 
taken in measuring the base line. The 
chain was in all respects similar to the 
one used at Bangalore. It was laid in 
coffers or long boxes, supported on stout 
pickets driven into the ground, and their 
heads dressed even by means of a tele- 
scope. At, one end of the chain was a 
draw-post, to the head of which the near 
end of the chain being fastened, it could 
be moved a little backwards or forwards 
by means of a finger screw. Near the 
handle of the chain, and at a point where 
its measuring length was supposed to 
commence, there was a brass scale, with 
iivisions, which was fixed to the head of 
yicket, distinct both from the 


} 
anotner } 


draw-post and from those supporting the 


coffers. This scale could, by means of 
a screw, be moved backwards and for- 
wards on the head of the post till it 
coincided with the mark on the chain. 
A similar arrangement was made at the 
other end, but the handle of the chain, 
instead of being firmly attached to the 
weigh-post, as it was called, had a rope 
passing over a pulley; and to this rope 
was appended a weight of 28 lbs. to 
keep the chain stretched. This arrange- 
ment enabled the measurer to move his 
chain backwards or forwards with the 
greatest nicety, and when satisfied that 
it was correctly placed, to keep it there 
perfectly steady; while, by means of the 
registers, he marked the places of the 
two extremities of the chain. The chain 
was then lifted by twenty coolies and 
carried forward, the near end being ad- 
justed to the scale which had before 
marked the fore end. A new chain’s 
length was then laid off in a similar 
manner, and so on, until the base was 
finished. During these operations tents 
were erected over the line, and thermom- 
eters were placed in the coffers to de- 
termine the temperature of the chain; 
and the rate of expansion having been 
previously determined by experiment, 
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the necessary corrections were made for 
the varying temperature of the measure- 
ment. The quantity of this correction 
was .00725 inch for every degree of 
Fahrenheit. 

Many of the triangles carried forward 
from this base line had sides of from 30 
to 40 miles in length. In computing 


their length Colonel Lambton reduced | 
the observed angles to the angles of the | 


chords, according to the method of De| 
Lambre; and though he computed the 
spherical excess, he did not use it in any | 
other way than as a measure of the ac- 
curacy of his observations. The chords, 
which were the sides of the triangles, 
were then converted into arches; and as| 
Colonel Lambton had contrived that the 
sides of the four triangles which con- 
nected the stations at the south and} 
north extremities should lie very nearly 
in the direction of the meridian, their | 
sum, with very little reduction, gave the 
length of the intercepted arch, 
was thus found to be 95721.326 fathoms. 


By a series of observations for the lati-| 


tude, at the extremities of this arch 
> > 


made with a zenith sector, the pom Seng es 


03235 , by 


of the arch was found to be 1 


which, dividing the length of the arch | 


just mentioned, Colonel Lambton ob- 
tained 60494 fathoms for the degree of 


the meridian bisected by the parallel of | 
was ex-| 


12° 32’. This, till the survey 


tended farther to the south, was the de- 


gree nearest to the equator—excepting | 


that in Peru, almost under it—which 


had yet been measured. 


lar to the meridian, 
This degree was accordingly derived 
from a distance of more than 55 miles, 
between the stations at Carangooly and 
Carnatighur, 
of one another. 
of the angles which that line made with 


the meridian at its extremities, were here | 


required; and these were obtained by 
observations of the Polar star when at 
its greatest distance from the meridian. 
For this purpose a lamp was lighted, or 
blue lights were fired at a given station, 


the azimuth of which was found by the | 
Polar star observations, and afterwards 


its bearing was taken in respect of the 
line in question. Thus the angle which 
the meridian of Carangooly makes at the 
pole with that of Carnatighur, 


which | 


The next ob-| 
ject was to measure a degree perpendicu- | 
in the same latitude. | 


nearly due east and west | 
Very accurate measures | 


or the! 


difference of longitude of these two 
places, was computed. It was then 
easy to calculate the amplitude of the 
arch between them; and thence the de- 
|gree perpendicular to the meridian at 
Carangooly was found to be 61061 
'fathoms. Upon comparing this degree 
of the perpendicular with the degree of 
the meridian, the compression at the 
poles would appear to be equal to st5- 
A writer in the “ Philosophical Trans- 
| actions” for 1812, p. 342, contended 
| that, on account of . error in ¢alcula- 
ition which escaped Colonel Lambton, 
| the foregoing measurement should be 
| diminished by 200 fathoms, thus reduc- 
|ing the length of the degree of the per- 
'pendicular to 60861 fathoms, which 
|would give 345 for the compression. 
These.measurements were made in 1803. 

In May, 1804, a base of verification of 
39793.7 feet (7.536 miles, reduced to 
| mean sea-level) was measured by Lieu- 
tenant Warren, Colonel Lambton’s 
|sistant, near Bangalore; and though the 
distance was nearly 160 miles, the com- 


as- 


| puted and measured lengths of this base 


differed only 3.7 inches, or about half an 
inch in the mile; a proof of the great 
care and accuracy with which the work 
was conducted. This base was adopted 
\for the origin of the great Indian are 
series, to W hich we shall presently refer 
more particularly. From it a series of 
| triangles was carried across the peninsula 
to the Malabar coast, which they inter- 
sected at Mangalore on the north and 
Tellicherry on the south. The heights 
of the stations were all determined from 
the distances and observed angles of ele- 
vation. The most considerable heights 
were at Soobramanee and Taddiandamole, 
in the western ghauts, not very far from 
the coast, the former being 5583 feet, 
and the latter 5682 feet above the level 
|of the sea; but notwithstanding having 
to cross such elevations, after carrying 
| the survey over a distance of 360 miles, 
it was found that the sum of all the as- 
cents, and of all the descents, reckoned 
from the level of the sea, differed from 
}one another only by 84 feet. From the 
triangles thus carried across the penin- 
sula, a correct measurement of its breadth 
| was obtained, and one considerably dif- 
ferent from what was before supposed. 
The distance from Madras to the oppo- 
site coast, in the same parallel, was as-~ 
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certained to be very nearly 360 miles; 
whereas, until then, the best maps made 
it exceed 400 miles. All the principal 
places on the old maps, which had been 
fixed astronomically, were also found 
considerably out of position : for exam- 
ple, Arcot was out 10 miles, and Hydra- 
bad no less than 11 minutes in latitude 
and 32 minutes in longitude. 

For a long period the operations re- 





ferred to above were frequently inter- 
rupted by the disturbed political con- | 
dition of the country, which was often | 
the scene of warlike operations; for it | 
was not until the Marquis of Hastings | 
destroyed the Pindaree confederacies in 
1818 that the peninsula and Deccan set- 
tled down into quiet and repose. The! 
mysterious character of the instruments 
and operations, as well as the planting | 
of flags and signals, always more or less | 
awakened the apprehensions or excited | 
the jealousy of the native princes; and} 
it required, therefore, no ordinary tact, 
firmness, and patience, in order to con- 
ciliate.their good-will. 

Between the years 1802 and 1815, a 
network of triangles was, under the 
superintendence of Colonel Lambton, | 
carried over the whole country as high 
as 18° latitude, whereby the peninsula 
was completed from Goa on the west to 
Masulipatam on the east, with all the 
interior country from Cape Comorin to 
the southern boundaries of the Nizam’s 
and Mahratta territories. Subsequent 
to this achievement, the great are trian- 
gulation was extended nearly to Takal 
Khera, in latitude 21° 6’. The greater 
part of the Nizam’s eastern territories | 
were triangulated by meridional series 
between the Kistnah and Godavery, and | 
considerable progress was made in the 
longitudinal series from the Beder base | 
towards Bombay. The area comprised | 
by the whole of the operations prose- | 
cuted during the time Colonel Lambton 
was superintendent aggregated 165,342 
square miles. In October, 1817, the| 
Marquis of Hastings, impressed with the 
important utility of the trigonometrical | 
survey, resolved to transfer the control | 
over its operations to the Supreme Govy- 
ernment of India, which took effect from 
the Ist January, 1818, and Colonel (then 
Captain) Everest was appointed assistant 
to the superintendent, whom he subse- 
quently succeeded upon the death of 


Colonel Lambton on the 20th January, 
1823. Colonel Everest first acted as 
chief assistant during the latter part of 
1818, and he was employed, in the first 
instance, in the triangulation of the east- 
ern parts of the Nizam’s dominions, and 
subsequently on a longitudinal series of 
the great triangles emanating from the 
Beder base line towards Bombay. He 
was engaged on this important work at 
the time of Colonel Lambton’s death, by 
which event he succeeded to the office of 
superintendent, and immediately pro- 
ceeded to concentrate the resources at 
his disposal on the extension of the great 
are series, which, after many difficulties, 
was at length carried up to latitude 24°, 
where a base line was measured at 
Seronj. 

After this, Colonel Everest proceeded 
to England, returning thence, in 1830, 
provided with geodetical instruments 
and apparatus of every description exe- 


'euted by the most skillful artists of the 


day, including a complete base-line ap- 


| paratus, the invention of Colonel Colby, 
|precisely similar to that employed on 


the Ordnance Survey; a great theodolite, 
36 inches in diameter; two 18 inch theo- 
dolites; and a variety of smaller instru- 
ments from 12 inches diameter down- 
wards. The signals, all of the most effi- 
cient kind, and recently invented, con- 
sisted of  heliotropes, reverberatory 
lamps, and Drummond’s lights, of which 
the two former have been exclusively 
used. 

In addition to the duties of Superin- 
tendent of the Trigonometrical Survey, 
Colonel Everest had, on his return to 
India, to perform those of Surveyor- 
General of India. In 1833 the offices of 
Deputy Surveyor-General at Madras 
and Bombay were abolished, and their 
duties devolved upon the Surveyor-Gen- 
eral, so that Colonel Everest had now to 
perform the work which had hitherto 
occupied the undivided attention of four 
officers. 

By the end of 1832 a longitudinal 
series of triangles had been completed 
from Seronj to Calcutta, where another 
base line was measured. Upon the com- 
pletion of that work the measurement of 
the great arc was recommenced, after a 
cessation of seven years. It was carried 
on from that time unremittingly till De- 
cember 1841, when the whole Indian are 
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from Cape Comorin to the Himalayas, 
forming the main axis of Indian geogra- 
phy, was finally completed. The area 
comprised by the great are operations, 
principal and secondary, aggregated 
56,997 square miles, including the revi- 
sion of the section from Bedar to Kalian- 
poor, and the measurement of three base 
lines, each from 74 to 8 miles in length, 
viz, those of Beder, in latitude 18°; 
Seronj, near Kalianpoor station, in lati- 
tude 24°; and the Dehra base, about 70 
miles north of Kaliana station, in lati- 
tude 29° 30’, where the great arc actually 
terminates; this distance being observed 
on account of the proximity of the Hima- 
layas. On comparing the actual meas- 
urement of the Debra Dhoon base by 
Colby’s apparatus with that calculated 
from the Seronj base, measured by the 
chain in 1824, a difference of nearly 34 
feet was found. In former times this 
would have been considered a very satis- 





factory agreement, seeing that the length | 
of the base is 74 miles, and its distance | 
from the new base upwards of 400) 
miles in a straight line; but Colonel | 
Everest considered the difference as in- 
dicating a much larger error than ought | 
to exist, regard being had to the pre-| 
cision of the new methods. In order to 
set the question at rest, he resolved to 
re-measure the old base with the more 
complete apparatus he now had at his 
command. This operation was com- 
pleted in January, 1838, when it appear-| 
ed that the length given by the chain| 
measurement of 1824 was too short by 
nearly 3 feet, as compared with the new | 
result. | 

In the year 1829 a trigonometrical | 
survey in the Bombay Presidency was | 
commenced by Lievitenant Shortrede, on | 
an independent base and point of de- 
parture. This survey proceeded in an} 
unsystematic manner until it was brought 
under Colonel Everest’s control in 1831,; 
when, finding that no use could be made| 
of this confused net of triangulation, the | 
Colonel directed that the longitudinal | 
series should be taken up where he left | 
off in 1823. This was concluded in 1841, | 
the series extending over a distance 315 
miles in length. 

The space at our disposal will not! 
admit of a detailed account of the several 
series of triangulation carried out by the 
Trigonometrical Survey Department; 


&.. 


they will, however, be seen by reference 
to the accompanying map. besides the 
great arc series, extending from Cape 
Comorin to Dehra Dhoon, there are two 
longitudinal series, the one extending 
from Cachar, in Assam, to Peshawur, 
and the other from Calcutta to Kur- 
rachee: between these are numerous 
series of triangles, those to the east of 
the great are being at distances of about 
one degree, or 60 miles apart, taking 
meridional directions, thus forming what 
is called a gridiron system, similar to 
that adopted in the French and Russian 
surveys. Base lines are measured at the 
extremities of the longitudinal chains, 
and at the points where the chains cross 
Colonel Everest’s are; thus the triangu- 
lation is divisible into large quadrilateral 
figures, with a base line at each corner. 
Colonel Everest was succeeded in the 
appointment of Superintendent of the 
Great ‘Trigonometrical Survey and 
Surveyor-General of India by Captain 
(afterwards Sir) Andrew Waugh, in 
December, 1843, who held the combined 
offices for seventeen years. Sir Andrew 
Waugh left the service in 1861, when he 
was succeeded by Colonel J. T. Walker, 
R.E., as Superintendent of the Great 
Trigonometrieal Survey, and by Colonel 


Thuillier, R.A., as Surveyor-General of 


India, both which officers respectively 
fill those appointments at the present 
time, 

The charts of the Trigonometrical 
operations are zincographed on a scale of 
4 miles to the inch, and the geodetical 
co-ordinates for each station with azi- 
muths and linear distances are entered 
upon them, so that each chart forms a 
brief but complete record of the survey 
results. Skeleton charts of levels, on a 
scale of 2 miles to the inch, are also pre- 
pared and _ photozincographed; these 
show the combined results of both tri- 
gonometrical and spirit levelling reduced 
to the common datum of the mean sea- 
level of Kurrachee harbor. 

Revenue Survey.—The Revenue Sur- 
vey Branch, in the Bengal Presidency, 
first commenced in the year 1822. It 
comprises a scientific periphery admeas- 
urement of the land by means of angular 
and linear measurements, performed with 
theodolites and steel chains; and its 
operations extend into such parts of the 
country as are under British administra- 





tion and yield a fair revenue. It is a de- 
finition and survey of village boundaries 
and estates, and may also be termed a 
large scale topographical survey, as it 
affords accurate topography of every 
district falling within the scope of its 
operations. The system followed is that 
of traversing with the theodolite and 
steel chains, known as Gale’s method of 
land-surveying, modified to secure greater 
accuracy and efficient checks on both the 
boundary and interior detail measure- 
ments. Large areas are first traversed 
with the better class of small theodolites 
having from 12 to 8 inch horizontal 
circles, starting from an initial station, 
where the azimuth is observed, to obtain 
the true bearings of stations in advance, 
the distances between stations being 
measured with steel chains twice over 
and repeated in rough ground, or 
wherever any doubts arise. These tra- 
versed areas, called main circuits, being 
in the first instance traversed and proved, 
afford a complete check on the minor or 
block circuits into which they are sub- 
divided; and these minor circuits, being 
in their turn traversed and proved true 
on the basis of the main circuit contain- 
ing them, reduce the errors in the village 
boundary work to a minimum. The 
trifling angular and linear discrepancies 
which may occur in the village traverse 
circuits are adjusted inter se. 

The interior or detail survey, which is 
filled in by plane-table or compass and 
chain, rests on these small village poly- 
gons, plots of which are furnished to the 
native plane-tablers. The stations of the 
main circuits are permanently marked, 
and the masonry platforms which mark 
the tri-junctions of villages are, whenever 
practicable, made theodolite stations. 

The boundaries of villages are meas- 
ured by offsets taken to all boundary 
pillars from the lines enclosing the vil- 
lage polygons, these linear and offset 
measurements being carefully recorded 
in the village boundary field-book. 

Along the Revenue Survey lines of 
levels, all masonry platforms marking 
the junction of three villages which fall 
on or near the line are invariably adopted 
as permanent bench-marks. These being 
all marked prominently on the maps of 
the Revenue Survey, the entry of the 
data will be readily and easily made, 
showing the height of each bench-mark 
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above the mean sea-level, as determined 
by starting from and closing all the lines 
of Revenue Survey levels on the Great 
Trigonometrical stations, or the bench- 
marks of the principal series of levels of 
the Great Trigonometrical Survey of 
India. 

In connection with the Revenue Sur- 
vey, levelling operations were carried on, 
during 1868-69, in Oudh and Rohilcund, 
and they have subsequently been extend- 
ed to the central provinces, Bhamulpoor 
and Bengal. The object of these is to 
run series of levels across districts not 
yet contoured, and to combine the re- 
sults of the leveling operations of the 
Revenue Survey with those already 
completed, or about to be prosecuted, by 
the Irrigation Branch of the Public 
Works Department. 

The field mapping is all executed on a 
scale of 4 inches to the mile. 

In addition to the regular professional 
revenue survey of villages, there has al- 
ways been a minute measurement of 
field for assessmenf purposes, conducted 
} i entirely under the 
collector or ofticers. ‘These 
are crude operations after native fashion. 

In the presidencies of Madras and 
Bombay, minute cadastral measurements 
of fields are in progress under European 

1ese surveys are essentially for 
settlement and revenue and 
have no connection with the Indian Sur- 
vey Department, nor are they under the 
direction the Surveyor-General of 
India. 
Topographical 


by native agency, 


settiement 


officers; tl 


purposes, 


of 


Survey.—The Topo- 
graphical Branch of the Indian Survey 
Department under the immediate 
superintendence of the Surveyor-General 
of India, and had its origin in the Reve- 
nue Survey. Its operations are coniined 
chiefly to hilly and jungle-covered 
ground, yielding but little revenue, in 
parts of the country not actually under 
British management, and in friendly 
native states along the British frontier; 
and its object is to obtain a cheap, rapid, 
and reliable first survey for geographical 
and administrative purposes. The 
groundwork or basis of its operations is 
secondary and minor triangulation de- 
pendent on the Great Trigouometrical 
Survey operations, from which all the 
initial elements of latitude, longitude, 
elevation, distance, and azimuth are de- 


is 
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rived. The triangulation is-carried on| The detail work, or delineation of the 
in a network covering the ground with | configuration of the ground, is executed 
points or stations at about 3 to 4 miles / usually on the scale of 1 inch to the mile 
apart. The instruments employed for|by means of the plane-table. Some 
the secondary triangulation are vernier| topographical surveys in cultivated or 
theodolites with 12 and 14 inch azimu-| valuable tracts are on a scale of 2 inches 
thal circles; the horizontal observations |to the mile; and a few others, in very 
are taken on four zeros repeated and the | broken and wild ground, on a scale of 2 
vertical angles on two zeros. For the| miles to the inch. In addition to the 
subsidiary or minor network of triangles, | 1 inch survey, the Topographical Branch 
theodolites with 7 and 8 inch azimuth | undertakes the plans of all the important 
circles are used, and the angular meas-/| cities, forts, and strongholds in native 
urements are made with two zeros re-|states; these are mapped on scales vary- 


peated. 


|ing from 6 to 16 inches to the mile. 





ECONOMY TRIALS OF AN AUTOMATIC ENGINE, 
CONDENSING AND NON-CONDENSING. 


By JOHN W. 


HILL, M. E. 


Written for VAN NosTRAND’s ENGINEERING MAGAZINE. 


In the manufacturing districts of the | 
New England States, where fuel for 
steam purposes is expensive and economy 
of power of the highest importance, 
the best class of stationary engine (auto- 
matic cut off) is the rule.. In the West 
where fuel is less expensive, and economy | 
of power (apparently) a second considera- | 
tion; the best class of stationary engine 
is the exception, at least this is true of 
the history of steam power in the West 
up to a very recent period. 

During the past four years there has 
been an introduction of better engines in 
many of the more important manufactur- 
ing establishments of the West; partic- | 
ularly in the large flouring mills, where 
the managers, keen to appreciate exact 
quantities, have sought to cheapen the 
power, by substituting for wasteful slide- 
valve engines such engines the 
Harris— Corliss, Buckeye, and others of 
the same class. , 

Prominent among the wealthy milling 
firms of Indiana is the house of Gibson 
and Co., whose extensive mills located 
at Indianapolis, are known to the 
“trade” throughout the country. Some 
two years since Mr. David Gibson, the | 
senior member of the concern, conceived | 
the outlines of a model flouring mill; 
and, being aman of wonderful energy, the | 
idea quickly took shape, and about one 


as 


| henceforth 


year ago he had his model mill ready to 
grind. Every piece of machinery, from 


the engine that furnished the motive 
power, to the “packer” that barreled 


the flour ready for shipment, was the 
best that money could purchase or ex- 
perience suggest. 

Twelve run of 48” buhrs do the 
grinding, these are driven by belts, the 
line shaft being coupled to end of engine 
shaft, and revolving at same speed; the 
balance of machinery, “cleaners, rolls, 
elevators, conveyers, bolts, purifiers and 
packers,” are all adapted to maximum 
capacity of grinding machinery. 

The engine is a Harris-Corliss single 
cylinder, 18” x42” speeded at 75 revolu- 
tions, with a 12000 pound fly wheel 16’ 
diameter. As furnished by the builder, 
the engine was non-condensing, but 
shortly after it was started, a jet con- 
denser and air pump were added, and 
was run condensing; the 
condenser attached was provided with a 
system of “open way” valves, so ar- 
ranged that the engine might be run con- 
densing or non-condensing at will. 

A rotary air pump driven by belt, 
delivered the contents of condenser into 
a hot well; the injection is obtained from 
the canal (distant about 80’) by gravity 
flow, the level of water in the canal 
being 18” higher than spray pipe in the 
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condenser. From the hot well the water 
is drawn by a Knowles direct acting 
steam pump, and forced against boiler 
pressure through a Berryman exhaust 
heater into the top forward end of| 


boiler; thence through a Snowden pipe | 
to rear of boiler, where the feed pipe | 
bends down and delivers the water into | 


the mud drum; the exhaust from engine 


passes through heater on the way to con- | 


denser. 
The suction pipe connecting pump 


with hot well, is provided with a branch | 


to the canal, to be opened when engine 
is run non- -condensing, a stop valve in | 
main pipe shutting off connection with 
hot well. 

The boilers furnishing steam to the | 
engine are two in number, 20’ long 54” 
diameter, these are set in an independent 
boiler house alongside engine room; each | 
boiler has (2) flues 11” diam. and (4) 
flues 8” diam.; the furnaces are continu- 


ous (with no division — and are 4/| 


deep with a width of 9’ 6’, a front con- 
nection, common to both Slee conveys 
the waste furnace gases to a large brick 
chimney built outside of boiler house; 
the boilers have a mud drum connection 
below, and steam drum connection above 
at mid-length; a pipe rising from center 
of steam drum makes direct connection 
with engine. 

The boilers were previously in use in 
another mill belonging to the Messrs. 
Gibson, and, as dimensions indicate, were 
not calculated for maximum economy. 
(Vide Table Boiler performance). 

About ten months after starting the 
mill, the proprietors decided to subject 
the power plant to an economy test, 
making equal runs with engine, condens- 
ing and non-condensing. 

The writer was employed to conduct 
the trials and work up the data obtained. 
Preparations were commenced Avg. 18th., 
and first run (condensing) made Aug. 
22d., second run (non-condensing) Avg. 
24th. The trials consisted in measuring 
coal charged to furnaces; water pumped 
into boilers; quality of steam furnished; 
power developed by engine; and work 
done in the mill. The mill is usually 
started at midnight, Sunday night, and 
stops at midnight the following Saturday 
night, running continuously 144 hours 
without moving the stop valve at the en- 
gine, providing no accident besets the 


| machinery. Previous to the tests, how- 
}ever, the mill had been in operation 
| about twenty-four hours, this length of 
| time being considered sufficient to “estab- 
lish the “Tegimen ’ ” of furnaces, boilers 
and balance of m: ichinery. 

The run with engine condensing began 
at 7.30 A M. Aug. 22d.; after first trial 
engine ran without interruption until 
8.15 A. M. Aug. 24th., when run with 
}engine non-condensing began, each trial 
| was of eight hours, duration. 

The coal was weighed in charges of 
275 pounds and delivered to the fireman; 
‘the residue at close of run being de- 
iducted from aggregate weight and 
| bal: ance held to represent quantity fired. 

Previous to commencement of run the 
| fires were sliced and leveled preparatory 
‘to a new charge; the same condition as 
nearly as possible was obtained at end of 
run, no drawback was allowed for ash or 
residual quantities in the furnace. 

The water supplied to boilers was 
pumped by hand from the hot well into 
a large cask mounted on an elevated 
stage; this was provided with an 
overtlow at the top, and a glass water 


gauge with a stick lashed and sealed to 


the tube, in the side of the cask near the 
bottom; at the top of the cask a number 
of bafile sticks were so arranged that 
when the water appeared at the over- 
flow, they were immersed nearly the 
entire de} pth; these had the effect of 
disainishing the quantity of water neces- 
sary to make the final inch in filling the 
cask, and reduced the liability to error 
in regulating the volume of water 
pumped in; besides preventing sensible 
agitation of the water at the surface. 
After the cask was pumped up, the 
assistant mounted the stage and read the 
temperature of water, entering the ob- 
servation in his note book; the wate 
was then drawn off into a similar cask 
placed alongside; the second cask was 
connected with the suction pipe of 
boiler feeder; both casks were of same 
capacity, about 230 gallons, although 
the quantity measured in the upper cask 
was ‘some twenty-five gallons less than 
this. In drawing off the contents of first 
cask the assistant noted the decline of 
head by the glass gauge, and when this 
was coincident with the top of the stick 
attached to the tube the outflow was 
stopped; time of emptying recorded, 
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and the cask pumped up until water ap-| 
peared at overflow. In order that the 
time of emptying measuring cask might 
serve as an index of the rate at which 

water was used by the boilers, an over- 
flow was provided in the suction cask; | 
the run being commenced with the 
water in this cask at the overflow, and 
each time the measuring cask was 
emptied the assistant was expected to 
return the level to this point (with a| 
single error at commencement of con- 
densing run this was done); the overflow | 
in the suction cask was provided with a 


drip pipe, and the water caught in a pail | 


tank when level had 
to check the record 
the water 


and returned to the 
subsided. In order 
of the assistant operating 


casks, the men at the pumps reported to| 


the writer in the engine room each cask 
as it was pumped up and a tally was 
made, and the number of t illic »s held to 


represent the times measuring cask was | 


filled. 


At end of run the water was returned | 


to overflow in suction cask, and remainder 
of water in measuring cask drawn off 
and weighed; the weight deducted from 
was 


weight at time temperature of water 
noted with full cask, was held to repre- 
sent the partial draft. 

The capacity of measuring cask was 


obtained by filling to overflow, noting 
temperature, drawing off and weighing, 
when level of water was reduced to gauge 
point on glass tube, 
again noted, and _ corrected 
for difference of temperature. 
To guard against error in fixing vol-| 
ume of cask, 
peated with water at reduced tempera- 


weight | 


ture; the difference by weight corrected | 


for temperature being less than five 
pounds or about 00.3 per cent. The last 
test was made with great care, and 
capacity of cask was based on this record. | 

Previous to trial of engine non-con-| 
densing, the suction of h: ind pump was 
run out and turned down into canal, 
from which source water was pumped | 


for this run. Measuring and suction 


casks were unchanged for non-condensing | 


trial. 
The temperature of water to boiler 
feeder was noted in the suction tank. 
The temperature of feed water to 
boilers was taken in the feed pipe be- 
tween heater and check valve. 


the temperature was | 


the measurement was re-| 


| 
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The temperature of injection was 
|taken in the canal at entrance of injec- 
tion pipe. 

The temperature of delivery to hot 
well was taken at the overflow. 

The pressure of evaporation was taken 
lin “connection” from steam drum; the 
| gauge was so situated as to avoid effect 
| of flow into steam pipe of engine. 
| The pressure was again taken in the 

| steam pipe immediately above stop valve. 
|(The gauge used at this point (10" Ash- 
croft) was an exceptionally good one, 
|having been in constant use two years 
in connection with the indicators, and 
| being regularly proved after each “ test ” 
can be accepted as near reliable as 
| metallic steam guages ever are. | 

The vacuum was taken in the engine 
room by connection with condenser; 
|the guage in use previous to the trials 
had suffered a derangement, the index 
reading 4.5 inches too high; this de- 
| duction was made from each reading. 

The water primed with the steam was 
determined by weighing into a half bar- 
/rel mounted on a nicely balanced (Fair- 

banks) platform scale 98.5—99.5 pounds 
of water at normal temperature, connec- 
/tion by #” pipe with steam drum was 
|then opened, and water of condensa- 
tion and steam blown out, until scale 
balanced at 100 pounds; initial tempera- 
{ture was then read and five pounds of 
|steam blown out of the pipe and con- 
densed, and final temperature read. The 
|range of temperature—initial and final 


| weights—and final temperature of con- 


tents of barrel, in connection with the 
pressure of steam at time observation was 
| made, comprised the data for estimating 
the “per centum” of water mechani- 
cally mixed with the evaporation. 

| A pair of Thompson indicators one at 
}each end of cylinder was used in taking 
the diagrams; motion being obtained 
| from cross head of engine by links and 
| bell cranks mounted on a substantial 
| gallows frame, a long 2” x 3” rod playing 
through guide st dards braced from 
| the floor, ~ passed back to cylinder and 
| communicated the reduced motion to 
indicator drums. 

During condensing run (30) springs 
were used in the indie: ators, and during 
|non-condensing run (40) springs were 
used. 
| A positive counter mounted on the 


| 





gallows frame and taking motion from 
small bell crank noted the revolutions of 
engine; this was thrown in gear at 
commencement of run, having been read | 
and entered in the log, and eight hours 
later, to the second, was thrown out of 
gear and read; the next reading held to 
represent the revolutions of crank during 
run; as a check upon the counter it was 
read at irregular intervals, and speed of 
engine for intervals compared with | 
average speed for whole run. 
The boilers were opened and cleared | 
of seale and sediment previous to trials. 
The coal fired is known as Highland 
(Clay County) a species of the celebrated 
Indiana block coal. 
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TRIAL ‘‘ Non-CONDENSING.” 


Started 8.15 A.M. Aug. 2Ath. 
7 Run on wheat. 
3 ‘* middlings. 
2 bran. 
Cleaner. 
Rolls (2). 
Bolts (all). 
Purifiers (5). 
Elevators and Conveyors (all). 
Packer (1). 
Storage elevator. 

8.30 a.m. Changed 2 run from “ bran 
to ‘‘ red dog.” 

Changed 2 run from ‘‘ red dog’ 
to ‘‘ bran.” 
Storage elevator irregular. 

Stopped 4.15 P.M. 


“ 


At 


9.55 


Remark.—Starting and stopping in 








During both “runs” the mill was| above table merely denotes the time ruz 
worked at maximum capacity, quality|was held to commence and end; the 
and condition of wheat considered; it | engine and machinery ran without inter- 
may not be out of place to remark, that | ruption. . 
in this mill the Messrs. Gibson made!  [n the following tables under the head 
what is known as “ patent process flour,” | “ Dimensions of Boilers,” dimensions of 
thus of the (12) run of buhrs, (7) run/!grate are also given; under the head of 


operated on wheat, and (5) run on 
“middlings,” “bran” and “tailings.” 
In making flour by this process it is cus- 
tomary to grind 7-8 bushels of wheat 
per hour per run of buhrs (48”); during 
the trials 7.5 to 8 bushels were ground 
per hour per run of wheat stones. 

The record of work in the mill was 
based on the barrels of flour packed; 
this being regarded as an approximate 
index of the amount of work done by 
balance of machinery; the amount of 
work done by storage elevator was 
greatest during non-condensing run. 

Hourly reports of condition of machin- 
ery in the mill were made by the chief 
miller, and entered in the writer’s notes. 
The following table exhibits the amount 
of machinery driven and disposition dur- 
ing each run, 

TRIAL ‘* CONDENSING.’ 
Started 7.80 A.M. Aug. 22nd. 


7 Run on wheat. 
3 ‘*  middlings. 
3 ‘« red dog. 
Cleaner. 
Rolls (2). 
Bolts (all). 
Purifiers (5). 
Elevators and Conveyors (all). | 
Packer (1). 

At 9.15 a.m. Lightered 3 run on ‘‘ middlings.” 

** 10.15 Changed 2 run from ‘‘red dog” 

“10.30 ‘‘ Storage elevator on. [to ‘‘ bran.’ 

«10.30 ‘* Lightered 2 run on “ bran.” 

‘ 1.00 p.m. Storage elevator off. 
Stopped 3.30 P.M. 


? 





’ 


idiameter of rod, 


|** Dimensions of Engine,” static dimen- 
|sions only are given; in this table the 


“factor of H.P. due area of piston” is a 
constant for an 18” piston corrected for 
and is obtained thus: 
Let “A” represent area of piston, “a” area 
».A—= .. 

of rod thus, “F” 2 piston speed 


33000 
regarded as unity. If piston speed be 
expressed in “feet per second,” substi- 
tute for 33000 + 550. 


’ 


‘‘ DIMENSIONS OF BOILERS.’ 


NS si a alea aa a etch kad waee 2 
Length ft. 20 
Diameter of shell ins. 54 
2—11 
4— 8 


» 


Flues (each boiler) 
Heating surface in shell (2 exposed) 
sup. ft. 170 
ee es . “ce 282. >) 
“ ** end plates. . 
- (both boilers) 

CORRES GUTTNOO 6 5.55 xs ce nsicnenes 

Ratio grate to heating surface 

Calorimeter (flue vent)........sup 


Ratio calorimeter to grate surface... . 


‘* DIMENSIONS OF ENGINE.” 
Diameter of cylinder 
Stroke 
Area piston 
ae oe 
Factor of H.P. due piston.... 
Clearance in parts of Stroke ‘‘ Stroke 
100”. 
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In the following table of boiler per- 
formance, the averages of observations | 
only are given; in making the “ log” of | 
Trials, however, observ ations of tempera- | 
tures and pressures were made quarter- 
hourly, and observations for “ primage” 
data made half-hourly, observations of 
temperatures and pressures were made 
at beginning and end of run, and the 
mean of first and last observations taken 
in the average. 

The coals fired were from same invoice, 
and assumed to be similar in quality for 
both runs. 

‘* PERFORMANCE OF BOILERS.” 

22. 

8 
63.75 


Aug. 
Duration of run Hours 
Pressure of evaporation. ... 
Temperature water in hot 
11 
yi emper rature water in canal 
from 


Aug. 24. 
8 
81.37 


9 


7 


76.05 


195. 
118. 


-68 


. 00 
Temper’ture added by he’ter 32.40 95 
Percentage water primed 
with steam 
Water ) 11 casks at 
pumped 1681.76 
into | partial = 
boilers } 3.00 19234.36 
) 15 casks - 
1690.78 
partial draft 
1294.00 
Water per hour pumped 
ne 2404.30 
Water entrained 433.73 
- per hour into steam 1970.57 
Coal charged during run. . .3447. 
“ oi per hour..... 430. 


“é 


11 


26655. 


33381 .£ 

389. 
2942. 78 
4814. 


87 601.75 


Steam per pound. of coal. 
sup. ft. of he ating 
surface 


‘CALCULATED PERFORMANCE.” 


Thermal units accounted for 
by steam per pound... 

Thermal units accounted for 
by water per pound... 

Steam per pound of coal 
from 2 


win 


1064.2 1017.9 


166.48 129.60 


5.212 240 

In the following Table the perform- 
ance of engine has been detailed ; the 
friction of engine was not determined by 
trial but is based upon previous expert- 
ments by the writer on a 16” x 48” Harris- 
Corliss engine at the Cincinnati Expo- 
sitions of 1874 and 1875. In the trial of 
the first year the friction pressure with 
engine empty and running at load speed 
was 1,888 pounds, and for second year 
under same conditions was 2,039 pounds; |: 


5. 


| the friction pressure of Gibson engine 
has been assumed as a mean of above, or 
1.963 pounds per sup. inch of piston. 
| Extra friction due to load has been taken 
jat 5 per centum of gross load; the net 
effective horse power in this case is the 
dynamometer horse power, as the manner 
of taking off motion from engine, by 
coupling line shaft to out board end of 
main shaft, dispenses with slip of belt or 
friction of gearing. 

In determining steam to engine per 
hour by casks, two deductions have been 
made from “steam per hour” under 
head of boiler performance, the first for 
steam and water to calorimeter for 
primage tests, and the second the steam 
used in operating the boiler feeder; 
the first deduction has been estimated as 
follows: there were for condensing run 
|13 pounds of water of condensation 
‘blown through calorimeter pipe to 
“clear” it, or 1.625 pounds per hour; 
although this was steam and water in 
|proportions as shown by “boiler per- 
|formanee,” when it entered the pipe it 
'was blown out as condensation and 
Should be deducted from “ net steam to 
lengine;” of this however 18 per centum 
| or .29 pounds per hour has already been 
| deducted as “ water entrained,” leaving 
| 1.333 pounds in the steam per hour to 
engine. The steam drafts to calorimeter 
were uniformly 5 pounds, and 16 drafts 
were made during run; of the quantity 
thus diverted 18 per centum has been 
deducted (from water charged to boilers) 
as water entrained : the remainder 65.6 
pounds is in the “net steam”; it is ob- 
vious that this was unavailable for use- 
‘ful work, and 8.2 pounds of steam (per 
hour) are therefore deducted from net 
steam to engine. 

For non-condensing run the deduction 
from steam to engine per hour are for 
condensation blown out of calorimeter 

>» 94—(9 R 
2 aX: ea =2.65 pounds and 
calorimeter drafts 


81. 5 — 81.5 1k 
ee. at pounds. 





for 


8 


It is generally conceded by engineers 
that the most economical method of 
pumping in feed water is by motion direct 
from engine; providing capacity of 
pump (allowance being made for loss of 

action) is exactly proportioned to re- 
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quirement of boilers; estimating power 
expended in feeding boilers i in this man- 


ner would be to charge the “ steam | boilers 
with less steam than it con-| 


pump” 
sumed. 
The writer is pot aware of any pub- 
lished reports on the economic efticiency 
of direct acting steam pumps; and even 
if there were such they would probably 
be of no real utility in this direction, as 
the builders change their plans so rapidly 
that new tests every few weeks would be 
necessary to keep pace with them. 
From such indicator diagrams (as 
have come under the writer’s observation) 
of steam development in direct acting 
steam pumps it appears, 
ciency of steam is considerably less than 
in a well made slide valve engine 
same cylinder bore; when we consider 


the piston speed—expense of steam in | 


moving the valve—and use of steam 
without expansion in the steam pump; 
it is not difficult to understand this. 
Assuming the expense of 60 pounds of 
steam per hour, per H. P. developed in 
feeding the boilers, then it remains to 
show what power was required for each 
run. For condensing run 2404.3 pounds 
of water per hour were pumped in; 
neglecting difference of areas of check 
valve, this quantity was forced in against 
an average pressure of 63.75 pounds per 
square inch. The hydrostatic head cor- 
responding to this pressure has been cal- 
culuted thus: resistance discharge side 
of pump piston 63.75 pounds; resistance 
on suction side of pump piston (vacuum 
corresponding to lift of 12’=.4332 
pounds); total pressure and vacuum 
64.203 and 64.203 x 2.308=148.18 feet, 
hence, power due water pumped in be- 
comes Btn tat _" a. 
33000  6O 
ing 10 per centum for loss of action and 
10 per centum for friction, the power 


allow- 


and steam per hour 


18 
becomes —=.225 
80 


re 


.225 x 60=13.50 pounds. 

For non condensing run the water per 
hour pumped into boilers was 3331.96 
pounds, pressure 81.37, vacuum 1.09 
pounds, total pressure and vacuum 82.46, 
corresponding head 190.31 and power 
.3192; allowing for loss of action and 
friction as before, the power becomes 
.399 H.P. and steam per hour 23.94 
pounds. 


that the effi-| 


of 


The ratio of total indicated work of 
engine to power expended in feeding the 
s becomes for 


Jondensing” -00213 
** Non-condensing”’ -00347 
‘ PERFORMANCE OF ENGINE.” 
Non- 
Condensing. Condens’g. 
Duration of run Hours 8 8 
Pressure in the pipe...Pds. 58.50 76.37 
Temper: ature of injection.. 81.80 
hot well.. 112.00 
steam at 
terminal pressure 
Barometer (assumed) 
Vacuum in condenser 
Ee 
Piston speed 
H. P. due piston speed..... 


29.53 
21.83 
74.288 
520.016 
3.954 
‘By THE DIAGRAMS.” 
Initial pressure (above 
atmosphere) 
Cut off in parts of stroke, 


inches 


Release in parts of stroke, 

Stroke 100 
Termin’! pre ssure (absolute) 12. 329 
Counter . 

at mid stroke... 4.594 
Exhaust closure in parts of 
3.478 
26.928 
1.962 
‘THE POWER.” ‘ 


Indicated horse- power 
Friction we 


Mean effective pressure... . 
Friction pressure (assumed) 


| Gross load 


Extra frict’n “ 
to load 
Net effective horse-power. . 
Per centum of indicated 
power available 
‘ Economy.’ 
Netste am per ‘hour to engine 1961.03 
per indi- 
cated horse-power 
Net steam per hour per in- 
dicated horse-power by 
the diagrams... 
Per centum steam accounted 
for by indicator 89 
THE POWER. 
horse 


18.593 


16.587 


211 
‘Cost OF ? 
Coal per indicated 
power per bour 
Do. do. evaporation 9 to 1 
Relative efficiency..... 

Economic gain by use of 

vacuum 


2.076 
100.00 


‘*Cost OF THE FLOUR.” 
3arrels ground and packed 89 
Horse power per barrel a 
: 9.480 
38.73 
19.71 
100.00 


Coal per barrel (actual)... 

Do. do. evaporation 9 to 1 
Relative efficiency. 
Economic gain by ‘use of 


vacuum 33 . 34 
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To grind oul stalls a barrel of | 
flour ready for shipment with 30 pounds | 
of coal is regarded by Western millers as 
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would appear that, with andiek boiler 
performance the Messrs. Gibson can do 
it on two-thirds of this quantity, or 20 


extraordinary; indeed with many millers pounds of coal per barrel of flour ready 


using steam power it is believed to be 
impossible ; from the above record it 


CANADIAN 


Sor delivery. 


NARROW-GAUGE RAILWAYS. 


By EDMUND WRAGGE, M. Inst. C. E. 


Minutes of the Proceedings of the Institution of Civil Engineers. 


As the narrow-gauge railways con- 
structed into the back country from 
Toronto have now been in operation for 
several years, it may not be uninteresting 
to present the results which have been 
obtained in working them, in comparison 
with railways having a gauge of 4 feet, 
84 inches and of 5 feet 6 inches passing 
through somewhat similar country, and 
having traffic similar in character. 

The Toronto, Gray, and Bruce, and 


the Toronto and Nipissing railways were 
projected to open up the country, the 
former in a north-westerly, the latter in 


a north-easterly direction from Toronto. 
The Northern railway of Canada, 5 feet 
6 inches gauge, occupied the territory 
between these two railways, and it was 
felt that unless a railway could be con- 
structed at a much less first cost than | 
had previously been done in Canada, the | 
country could not for some years enjoy 
railway facilities; hence the determina- 
tion to construct these railways of a} 
gauge of 3 feet 6 inches. 

The Toronto, Gray, and Bruce railway 
extends from Toronto on Lake Ontario 
to Owen Sound on the Georgian Bay, a 
distance of 122 miles, with a branch| 
from Orangeville to Teeswater 69 miles 
in length, giving a total mileage of 191 
miles. It passes over an elevation of | 
1,462 feet above the level of Lake} 
Ontario, and has ruling gradients of 1 in| 
60 towards Toronto against the heaviest | 
portion of the traffic, and of 1 in 50 from | 
Toronto, in which direction the traffic is| 
lighter. There is one curve of 462 feet 
radius, and a few others of 480 and 500) 
feet radius, having a total length in all! 
of 6,000 feet. The curved portion of the | 
railway is 214 per cent. of the total | 
length, 784 per cent. being straight. The | 


| less ‘than 1 in 


(extent of level railway is 21 per cent.; 


with gradients easier than 1 in 100, it is 
51 per cent., and with gradients of 1 in 
100 and steeper, 28 per cent. 

The Toronto and Nipissing railway 
leads from Toronto on Lake Ontario to 
Coboconk, a distance of 87 miles, the 
first 9 miles from Toronto being over- 
come by means of a third rail laid on the 
Grand Trunk railway. The summit ele- 
vation is 893 feet above Lake Ontario, 
and is reached at a distance of 35 miles 
from Toronto. The ruling gradients in 
either direction are similar to those on 
the Toronto, Gray, and Bruce railway. 
There are ‘two curves of 600 feet radius 
(1,650 feet length in all), but no others 
sharper than 800 feet radius. The 
curved portion of the railway is repre- 
sented by 235 per cent. of its total 
lepgth from the point at which it diverges 
from the Grand Trunk railway, and the 
straight portion by 764 per cent.; for 
194 per cent. of the same distance it is 
level, for 574 per cent. it has gradients 
100, and the remainder, 
234 per cent., has gradients of 1 in 100 
or steeper. 

The structures both 


on railways, 


| station buildings, bridges, culverts, cat- 
| tle guards, &c., are of timber, and both 


are fenced their entire 
length. 
4 hl . . 
The permanent way consists of iron 
rails weighing 40 pounds per lineal yard, 
fished at the joints, and spiked to the 


sleepers by dog spikes. The sleepers, 


throughout 


‘which are at an average distance of 2 


feet 6 inches apart from center to center, 

are 7 feet 6 inches long by 8 inches by 
5 cian and are either | of tamarac, hem- 
lock, or black ash. Cedar and rock elm 
have also been used for renewals, and 





the new sleepers are 6 inches in thick- 
ness, instead of 5 inches as at first. 
Ballast to a thickness of 12 inches under 
the sleepers has been used, and the 
sleepers are well boxed up. 

The rolling stock comprises several 
classes of engines :—1. Engine weighing 
16 tons, which have been found too 
light for the traffic to be accommodated. 
z. Engines of 21 tons, having 6 wheels 
coupled, which are very useful; those on 
the Toronto, Gray, and Bruce railway 
making a daily run of 122 miles, with 
passenger trains weighing 60 tons, and 
carrying an average of one hundred pas- 
sengers. These engines make an average 
journey of 68 miles while consuming a 
cord of wood of 128 cubic feet, or 125 
miles for 1 ton of 2,000 pounds of bitu- 
minous coal. The schedule time of these 
trains is 16 miles an hour. 3. Engines 
of 26 tons, having six wheels coupled, 
are used for mixed trains on the 
Toronto, Gray, and Bruce railway, and 
take a gross load of 180 tons at a 
schedule time of 14 miles an hour, run- 
ning 54 miles for a cord of wood. On 
the Toronto and Nipissing railway they 
are used entirely for freight purposes, 
and haul a gross load of 300 tons at an 
average speed of 10 miles an hour. 4. 
One Fairlie engine of 42*tons on each 
railway is found to travel easily on the 
rails, and is capable of taking considera- 
bly heavier loads than the other engines. 
5. Engines of 30 tons, with eight wheels 
coupled, “ Consolidation ” pattern, are 
in use only on the Toronto, Gray, and 
Bruce railway, and haul a gross load of 
360 tons up the ruling gradients of 1 in 
60. Their average journey is 35 miles 
for a cord of wood. 

The passenger carriages were at first 
30 feet in length, with an extreme width 
of 8 feet 6 inches. Those lately put on 
the railway are 43 feet in length and 8 
feet 8 inches in width, and they run 
more steadily and with greater ease to 
the passengers. 

The wagon stock was in the first in- 
stance 15 feet and 18 feet long by 8 
feet wide, and ‘upon four wheels, in the 
English style; but all new stock has 
been constructed after the American 
model, and, as well as the passenger 
carriages, is placed upon four-wheel 
trucks. All wheels are now 30 inches in 
diameter, 24 inch wheels having been at 
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first adopted with the view of keeping 
the center of gravity as low as possible. 

The box cars are 29 feet 14 inch long 
by 8 feet wide; they have a carrying 
capacity in weight, of 24,000 pounds; 
in area, of 205 square feet; in bulk, 
of 1,218 cubic feet; and a dead weight 
of 15,500 pounds. 

The platform cars are 30 feet long by 
8 feet wide, having a carrying capacity 
in weight, of 24,000 pounds; in area of 
240 square feet; they have frequently 
been loaded to a height of 6 feet, giving 
a capacity in bulk, of 1,440 cubic feet: 
the dead weight averages 13,000 pounds. 

The floor-level is 3 feet 4 inches above 
the rail, and the center of the draw-bar, 
which is of the common American link 
and pin pattern, is 2 feet above rail-level. 

Owing to the increased weight of 
rolling stock put on the railways since 
they were opened, and taking into con- 
sideration the increased traffic, the rails 
now being laid on both railways weigh 
56 pounds to the yard. Already on the 
Toronto, Gray, and Bruce railway a 
length of 40 miles at the Toronto end 
has been laid with the heavier rail, the 
lighter one having been taken up and 
used on the branch to Teeswater. These 
rails are of iron, and on the Toronto and 
Nipissing railway a length of 7 miles of 
permanent way has been renewed with 
steel rails weighing 56 pounds to the 
yard. 

It. may be interesting to remark, in 
connection with the rolling stotk, that 
two passenger carriages on the Toronto, 
Gray, and Bruce railway have each 
travelled upward of 100,000 miles, the 
trucks of which have never been repaired 
since they commenced running; they 
have the same wheels (chilled cast iron), 
the same springs, the same brasses, &c. 

For the purposes of comparison of 
traffic and working expenses, the follow- 
ing information respecting the Northern 
railway and the Midland railway, the 
former previously referred to, the latter 
extending from Port Hope to Orillia 
and Wabushene, and crossing the Tor- 
onto and Nipissing railway at Wood- 
ville, is given. The length of the North- 
ern railway of Canada in the year end- 
ing 1875 was 165 miles; the sharpest 
curve was of 1,432 fete radius; the 
steepest gradient going north was 1 in 
88, going south (towards Toronto) 1 in 
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100. The summit-level is about 750 
feet above Lake Ontario, the weight of | 
rail 56 pounds per yard. The weight of | 
the engines is from 30 to 35 tons ; each. 


The gauge is 5 feet 6 inches. The length | 


of the Midland railway of Canada in the 
year 1875 was 129 miles. The summit- 


level is about 700 feet above Lake 
Ontario; the weight of rail 56 pounds 
per y yard. The gauge is 4 feet 84 on 


The stations on the Toronto and Nipis- 
sing railway are at an average distance 


| apart of 4.8 miles; on the Midland rail- 
|way of Canada 5. 1 miles; on the North- 
ern railway of Canada 5. 4 miles; and on 
‘the Toronto, Gray, and Bruce railway 
8.7 miles; the latter railway passing 
‘through a more thinly settled country 
than the others, although it is now being 
fast developed. 


The traffic and working expenses of 
these four railways are shown in the fol- 
lowing : 


TABULATED STATEMENT OF RECEIPTS AND EXPENDITURE ON RAILWAYS OF THREE FEET SIX 


INCHES GAUGE COMPARED WI1H RAILWA 


8} INCHES GAUGE. 





| Toronto, Grey, 
and Bruce 
Railway. 

3 feet 6 inches. 

DESCRIPTION. 3 feet 6 inches 


3 fe 


YS OF FIVE FEET SIX INCHES AND FOUR FEET 


Toronto Northern | Midland. 
and Nipissing Railway of Railway of 
Railway. Canada. Canada. 


et 6 inches. | 5 feet 6 inches. | 4 feet 8} inches. 








Twelve months 


| Twelve months. | 


Twelve months 


| 
t 
Twelve months. | 
| 





above figures, it will be found that: 


cost 


Broad gauge railways, average 
per mile = $39,935 | 
Broad-gauge railways, net income 


per mile = $1,244 
Equivalent to 3 per cent. on the cost. 
Narrow-gauge railways, average cost 
per mile 
Narrow-gauge railways, net income 
per mile = 
Equivalent to 4 per cent. on the cost, 
Working expenses per train mile, 
broad- gauge railway 
Working expenses per train mile, 


~ 


69.44 cents. 


narrow-gauge railway......58.64 cents. 
Working expenses per car mile, 
broad- -gauge railway........ 10.81 cents. 


Working expenses per car 


narrow-gauge railway 9.32 cents. 


ending ending ending 31st ending 3ist 
30th June, 1876. | 30th June, 1876. | December, 1875. | Decemter, 1875. 
Total earnings......... $372,336 $207,234 $744,598 | $284,322 
Total working expenses. | $233,428 $120,468 $473,963 $179,221 
Percentage of working - ~ — 
gules | 62.9 58.1 | 63.6 | 63.03 
Miles open for traffic... 191 87 165 | 129 
’ Earnings per mile of } 9 222 m4 9 ¢ 
ieee. CRE f $1,949 $2,383 $4,512 $2,204 
Total train miles. : 398,681 205,105 | 641,827 275,560 
Earnings per train mile. 93.39 cents 100. 10 ce nts 116.01 cents 103.18 cents 
Working expenses do.. 58.55 58.73 a | 65.03 * 
Net income do......... 34.84 ‘ am a.17 . ** | mom * 
Total car miles......... 2,724,696 1,195,291 4,690,245 1,561,729 
Earnings per car mile. . . 13.66 cents | 17.33 cents 15.87 cents | 18.20 cents 
Working expenses do... 8.56 <‘ i aw * | 10. = 5 naw *“ 
Net income do.. : 5 wee 7. * 5.7 6.72 
Total capital ace ‘ount ] 
including all dis- $4,159,282 $1,600,000 $7,893,569 | $4,132,034 
counts, etc.)....... ) 
Cost per mile of railway. | $21,776 $18,390 $47,840 $32,031 
| 
Upon making a comparison of the| Net income per train mile, broad- | 
gauge railway...........--- 40.16 cents. 


Net income per train mile, narrow- 


gauge railway.........-+-.+ 38.10 cents. 
Net income per car mile, broad- 

gauge railway........ . . 6.22 cents. 
| Net income per car mile, narrow- 

gauge railway............+- 6.17 cents. 


These facts, taking into consideration 


=$ 20,083 | the difference i in outlay between the two 


classes of railways, afford a favorable 
comparison for the narrow-gauge rail- 
ways, which pass through a country only 
lately opened to railway facilities, while 
'the broad-gauge railways have "for a 
great portion of their length been open 
for many years, the main line of the 
Northern railway having been in opera- 
tion upwards of twenty years. 
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REPORTS OF ENGINEERING SOCIETIES. 


MERICAN Socrety oF CrviL ENGINEERS.— 
The last issue of the Transactions con- 
tains : 

Proportions of Eye-Bar Heads and Pins, 
as determined by Experiment, by C. S. Smith. 
Wing-Dams in the Mississippi, above the Falls 
of St. Anthony, by E. P. North. 

The board of officers elected on November 
7th, stands as follows : 

President, E. 8. Chesborough : Vice Presi- 


dents, Albert Fink, W. M. Roberts ; Secretary, | 


| 
} 


John Bogart ; Treasurer, J. James R. Croes ; | 


Directors, William A. Paine, Joseph P. Davis, 
George 8. Greene, C. Shaler Smith, C. Van- 
dervoort Smith ; Librarian, John Bogart. 


IVERPOO}, ENGINEERING Socrety.—This 
Society held its usual fortnightly meeting 

on the evening of the 26th ult., in the rooms of 
the Royal Institution, Colquitt street. The 
chair was occupied by Mr. H. O. Baldry, A. 
I. C. E., Vice President. On the completion 
of the business of the Society, a paper was 
read by Mr. Dukinfield Jones, member, entitled 
‘*Some of the Advantages of the Metrical 
System in Engineering.” After first pointing 


out that the metre is generally supposed to be | 


the ten millionth part of a quadrant of the 
earth’s meridian, he Hid not invite criticism on 
this point, as he observed that for all practical 
purposes it would be just as useful if it were 
the eleven millionth part. All that it is neces- 
sary to admit is that the metre is a convenient 
unit of measure, and that its length is equal to 
the distance between two points on a platinum 
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ways in which this could be done, if it was 
possible, might be summed up as follows: (1) 
By the better burning of the coal and purify- 
ing of the products from soot and sulphur. 
(2) The more economical use of coal, and 
hence the reduction of the quantity consumed. 
(3) The somewhat transcendental, but much 
more complete method, if it was possible, of 
substituting some other power for that now de- 
rived from coal. The sources of smoke were 
threefold: the household consumption of coal, 
the coal consumed in manufactures, and the 
coal consumed in the production of steam. 
The first of these sources was altogether be- 
yond the reach of the engineer. With regard 
to the other sources of the smoke nuisance, he 
observed that when coal was completely con- 


|/sumed there would be no smoke; but it 


did not follow that where there was no 
smoke the coal was completely consumed. 
It was quite possible to consume the coal 
under the furnace of a boiler, and that with 
great advantage in the point of economy; 
but to do so required constant care and atten- 


| tion, and in looking forward to further reforms 


it was the small engines which formed the 
difficulty, for not only did they fail properly to 
burn their own coal, but they prevented the 
adoption of measures which might be satisfac- 


| torily carried out where the consumption was 


bar in Paris, and is equivalent to 39.37079 | 


English inches. The subdivisions are one- 
tenth part or decimetre, the hundredth or cen- 
timetre, and the thousandth or millimetre. He 
dwelt at some length on the inter-dependence of 
the metrical measures of length, capacity, and 
weight, pointing out that the litre or cubic 
decimetre is the unit of capacity, and the kilo- 


large. Their chance of further reducing the 
impurities turned into the air depended there- 
fore greatly on their ability to do away with 
small engines, which raised the question 
whether they could supplant their small en 
gines by power derived either from large en- 
gines or some other source. Professor Rey- 
nolds then proceeded to review the possibil 
ity of this at some length, and, in conclu- 


| sion, said he could not help thinking there 


gramme- the weight of a cubic decimetre of | 


distilled water at the temperature of 4 deg. 


Cent., and with the barometric pressure of 760 | 


milimetres, To illustrate the great saving in 
figures which may be effected in engineering 


operations by the metrical system, he exhibited | 
two diagrams representing ordinary railway | 


working sections, and stated that the one pre 
pared on the metrical system had nearly 20 
per cent. less figures than the section prepared 


with English measures, notwithstanding that | 


they both represented precisely the same cut- 
ting, and gave identical information at every 
point. He concluded his paper by suggesting 
the probability of a decimal coinage being in- 
troduced before the metrical system of weights 
and measures, 


ANCHESTER SCIENTIFIC AND MECHANICAL 
Socrety.—The winter session of the 
above society was opened recently by an inau- 
gural address to the members, delivered by the 
President, Professor Osborne Reynolds, M. A., 
F. R. S., who selected as the chief subject 
of his discourse the possibility of reducing 
the quantity of smoke and pernicious gases 


was open to the engineer a field of enter- 
prise in which he might not only find re 
munerative employment for his talents, but in 
so doing confera great benefit on his fellow 
creatures.—ZJron. 

— -_>-——__— 


IRON AND STEEL NOTES. 


ee oF BorLer STeEL.—Perhaps the 

greatest development of steel for structu 
ral purposes up to this time may be found on 
railroads. The question of steel rails may be 
regarded as settled; also of steel tires, crank 
pins, guide bars, connecting rods, &c. In 
case of axles and boilers there seems to be 
some discussion, but no close observer can 
doubt the ultimate result. In boiler steel the 


| only danger to be apprehended is that there 


may be enough carbon in the steel to cause 
hardening. in use, although the sheets may 


| have been annealed so as to endure all the cold 
: ove - : 
bending, twisting, punching, and flanging 


poured into the atmosphere at present. The! 


tests successfully. That such annealed sheets 
will harden very hard in use is well known, 
A very simple preventive may not be so gen- 
erally known. Let a piece from each sheet be 
heated white hot and quenched in cold water 
or brine. If, after this treatment, it will 
double over cold, punch, twist, flange, &c., it 
will never harden in use, simply because it 
has not enough carbon to cause it to harden 
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under any circumstances. 
of boilers that have been in active service for 
nearly ten years, where only 20 per cent. of a 
large number have required any repairs, and 
all are reported in good working condition. It 
is evident that the life of a boiler must be very 


long under fair treatment, after it has run for | 


about nine years subject to ordinary wear and 
has not required any repairs whatever.—Metal- 
lurgical Review. 


N THE CAUSE OF THE BLISTERS ON ‘‘ BLISTER 
STEEL.”’—In the process of making steel, 
which is so largely practiced at Sbeffield, bars 
of iron, usually of Swedish or Russian manu- 
facture, are embedded in charcoal powder, and 
kept heated to bright redness during about a 
week or ten days, according to the degree of 
carburization desired. Carbon is thereby im- 
parted to the iron, and steel is the product. 
The bars operated upon are generally about 3 
inches broad and ? of an inch thick. How the 
carbon finds its way even to the center of such 
bars, is a question not yet satisfactorily solved, 
though it possesses high scientific interest, and 
has been much discussed. It is not, however, 
my intention to consider that question on the 
present occasion; but to communicate to the In- 
stitute experimental evidence as to the cause 
of the singular phenomenon which accompanies 
this process of converting iron into steel, viz., 
the occurrence of blister-like protuberances on 
the surfaces of the bars. This appearance is so 
characteristic and so constant, that the name 
of ‘* blister-steel” is applied to such bars. The 
protuberances are hollow, exactly like blisters, 
and vary much both in number and size; some 
are not larger than peas, while others may ex- 
ceed an inch in diameter, and they are always 
confined to the surfaces of the bars, for I have 
a specimen of ‘‘ blister-steel ” in my collection, 
in which there is a single blister as large as a 
small hen’s egg, protruding equally from each 
of the flat opposite surfaces of the bar. 

With regard to the cause of these blisters, 
there has been a difference of opinion. I will 
take the liberty of making the toliowing quo- 
tations on the subject from my volume on 
‘Tron and Steel,” published in 1864 :—‘‘ They, 
(é.e., the blisters) appear to be due to internal 
local irregularities and gaseous expansion from 
within, while the iron was in a soft state from 
exposure to a high temperature. There is no 
doubt that all forged bars, for reasons previous- 
ly assigned (and which I stated in considerable 
detail), contain more or less interposed basic 
silicate of iron irregularly diffused throughout. 
Now, what should be the effect of the contact 
of carbon, at a high temperature, with particles 
of this silicate ? Most probably the reduction 
of part of the protoxide of iron with the evolu- 
tion of carbonic oxide; and, if this be so, then 
it seems to me, the formation of blisters may 
be satisfactorily accounted for. Admitting 
this explanation to be correct, a bar, which has 
been made from molten malleable iron, should 
not blister during cementation (the term used 
to designate the process in question of making 
steel); and, should this prove to be the case, 
it would not be difficult to prepare such a bar 
with particles of cinder (ferrous silicate) im- 


There are instances 





bedded, and, by subsequently exposing it in a 
converting furnace, ascertain positively 
whether blisters would occur only in places 
corresponding to the cinder” (page 772), 

It has, I think, been conclusively proved 
that all bar iron manufactured by charcoal 
finery processes, or by puddling, must contain, 
intermixed, some of the slag, which results 
from the conversion of pig-iron into malleable 
iron by such processes, in which, let it be 
remembered, the malleable iron is never 
actually melted. In the quotation which I 
have given, | mentioned only ferrous silicate 
as constituting the slag; but I ought, also, to 
have included free oxide of iron, doubtless 
magnetic oxide. The bars converied at Shef- 
field are chiefly Swedish, and are generally 
manufactured by the so-called Lancashire pro 
cess. 

On a visit to the great steel works of Messrs. 
Firth, at Sheffield, in February last, Mr. 
Charles H. Firth was so good as to undertake, 
at my suggestion, to settle the question 
whether blistering would occur in the con- 
verting process in the case of a bar of iron 
which had been actually melted and so freed 
from all intermixture of ferrous silicate o1 
magnetic oxide of iron. The experiment was 
accordingly made, and with good effect, of 
confirming, and, I think “I might almost say, 
establishing the correctness of the explanation 
which I ventured to submit concerning the 
cause of the formation of the blisters. On the 
9th of last May, Mr. Firth informed me that 
he had melted Swedish bar iron, and cast it 
into a flat ingot, which he had carburised in 
the converting farnace in the usual manner; 
and, at the same time, he forwarded to mea 
piece broken from the ingot after conversion; 
this piece was about six inches long, three 
inches broad, and a little more than half-an 
inch (exactly #4) thick; it showed a fracture 
at each end, characteristic of converted steel, 
but there was not the slighest indication of a 
blister. 

The other experiment, which I suggested, 
seems scarcely to be needed, namely, that of 
cementing a cast bar of malleable iron, in 
which bits of slag, or magnetic oxide of iron, 
had been imbedded. But should any one be 
willing to make such an experiment, probably 
the best way would be to cast an ingot of 
Swedish iron, drill a hole or two in it, to the 
depth of about the center, insert a bit of slag 
in one hole and a bit of magnetic oxide of iron 
in another, then plug up the holes hermetically 
by means of a screw or otherwise, and convert 
in the ordinary way. 

I have great pleasure in publicly acknowledg- 
ing my obligation to Messrs. Firth for per- 
mitting me on several occasions, to visit their 
works, and for their uniform kindness in other 
respects; and, i may add, that I have never 
visited any works from which I have derived 
more instruction and pleasure.—Jron, 

-_ 
RAILWAY NOTES. 
A REPORT has been recently published con- 
taining railway statistics of Canada and 
the capital traffic and working expenditure of 
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the railways of the Dominion for the fiscal 
year ending 30th June, 1876. The total mile- 
age of railways opened in Canada on the 30th 
June, 1876, was 4,1744, an increase of 3303 
miles as compared with the same period of the 
previous year. The actual number of miles of 
railway built during the year was 524, but the 
length of the European and North American 
Railway had been over estimated in the former 
report, and the Maine portion had been counted 
in, making a deduction of 188} miles neces- 
sary. This, with 4? miles of railway returned 
by three companies as decreased mileage, re- 
duced the net increase during the year over the 
figures of the previous year to 3303. The mile- 
age of new railways opened in the fiscal year 
ending 30th June, 1876, was as follows :— 
Brantford, Norfolk and Port Burwell, 33 miles; 
Brockville and Ottawa Extension, 29 miles; 
Chatham Branch, 9 miles; Great Western, 69 
miles; Intercolonial, 185 miles ; Kingston and 
Pembroke, 474 miles; Montreal and Vermont 
Junction, 23 miles; New Brunswick, 23 miles; 
Port Dover and Lake Huron, 63 miles ; South- 
Eastern, 21 miles; Whitby and Port Perry, 
114 miles; total, 524 miles. From the total 
mileage—5,1574—has to be deducted the mile- 
age Of railways in the United States owned by 
Canadian Companies. This makes the total 
mileage in Cauada 4,929} miles, all single 
track, excepti 7 miles of double track on 
the Great The gauge of the 
total mileage is divided us follows: Five feet 
six inches, 618} miles; four feet 8} 








inches, 
35 rniles ; three feet six inches, 6v0$ miles; 
totai, 5,157} miles. 





pperesens or New Soutn Wates.—From 
Uo Mr. John Rae’s excellent report for 1876, 
we abstract the following : 

‘*« The progress of our railways, as exhibited 
in this return, has been most satisfactory. In 
1855, when 14 miles were open for traffic, the 
number of passengers was 98,846, the tonnage 
of goods 140, the capital expended £515,347, 
the net earnings were £3,290, and the interest 
on capital was only .638 per cent. In the next 
decade (1865) 143 miles had been opened for 
traffic, the number of passengers had increased 
to 751,587, the tonnage of goods to 416,707, 
the capital expended to £2,746,373, the net 
earnings to £57,106, and the interest on capital 
to 2.079. Another decade brings us to 1875, 
when the number of miles open had increased 
to 437, the number of passengers to 1,288,225, 
the tonnage of goods to 1,171,354, the capital 
expended to £7,245,379, the net earnings to 
£318,474, and the interest on capital to 4.396 
per cent., the largest per centage of net earn- 
ings to capital during any year from 1855 to 
{875 inclusive. 

“19. R-capituiation.—The transactions to 
the end of 1876 may bethussummarized. The 
Government expenditure for construction 
amounted to £8,638,362, the interest on which 
was £416,640, or 4.82 per cent. The capital 
expended on open lines was £7,990,601, and the 
net earnings were £353,819, or 4.43 per cent. 
The interest paid by Government was there- 
fore only .39 per cent. in excess of the per- 
centage of net earnings to capital. At the 
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close of the year, 509 miles of railway were 
open, and 1794 miles under contract to be 
completed by the end of 1877. The rolling 
stock consisted of 101 locomotives, 344 pas- 
senger-carriages, and 2,217 goods-trucks. The 
number of railway employees amounted to 
2,243, and the wages to £237,176 18s. 10d., an 
increase over 1875 of £34,104 8s. There were 
32 vessels employed in the conveyance of 
railway materials, the cost of which amounted 
to £50,137 15s 4¢., and the freight and English 
charges to £5,268 3s. 3d. 

*““During last year, 29,230 passenger-trains 

and 23,303 goods-trains were run over 1,688,964 
miles of railway, the total earnings from which 
amounted to £693,225, and the cost of working 
to £339,406, or 48.96 per cent. of the earnings. 
The number of passengers who travelled was 
1,727,730, of whom 301,587 were first-class, 
and 1,426,143 second-class, or in the ratio of 
17.47 per cent. of the former to 82.53 per cent. 
of the latter, besides 5,680 season ticket hold 
ers, representing an additional number of 
751,216 passenger journeys, The merchandise 
traftic consisted of 438,025 live stock, 120,397 
bales of wool, and 1,244,131 tons of goods. 
The average earnings per open mile were 
£1,507, the average expenditure was £738, and 
the net earnings were £769. The average 
earnings per train mile were 98.50¢., the 
‘rage expenses 48.22d., and the average 
sarnings 50.287. 
There was an increase of 94,472 in the num 
ber of first-class passengers, of 345,033 in the 
number of second-class passengers, and of 
1,004 in the number of season ticket holders ; 
an increase of £27,929 in the earnings from 
passenger traflic, of £50,648 in the earnings 
from goods, and of £78,578 in gross earnings. 
The working expenses were increased by 
£13,232, and the net earnings by £35,346. 
The interest on capital was different on the 
different lines. On the South and West there 
was an increase of .21 per c@t., on the North 
a decrease of .45 per ceat., and on all the iines 
combined a slight increase of .04 per cent. ; 
and as this increase of interest was confined to 
those lines on which alone there was any 
additional mileage, we may reasonably uantici- 
pate a further increase with further extensions 
of our railways, till the net earnings shall equal 
or exceed the annual amount of interest paid 
from the Consolidated Revenue Fund. The 
public debt for railways would then be practi- 
cally extinguished, and no difficulty should be 
experienced in procuring the necessary funds 
for carrying our min trunk lines to the bord- 
ers of the adjacent colonies, and connecting 
them by branches with the chief centres of 
population in the interior, where there is such 
a total want of water-communication, and in 
many parts of which the railway is the 
cheapest, if not the only possible road. 











‘*It is by reticulating the country with such 
a network of railways as is indicated by the 
routes and surveys on the appended sketch 
map, that we hope to provide means of transit 
for the produce of our settlers in the pastoral 
districts, and be enabled to compete success- 
fully with our energetic neighbors for the 


‘transport of the staple commodities of our 
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own colony. But the advantages of such an 
extended system of railroads would not be 
confined to the mere increase of traffic ; for, 


to adopt the language of His Excellency, Sir | 
Hercules Robinson, in his able speech at the} 
opening of the line to Bathurst, ‘ with facili- | 


ties for regular and constant railway commu- 


nication with our neighbors, the identity of | 


the interests of adjoining colonies will day by 
day become more apparent ; and petty provin- 
cial jealousies and rivalries will give place to 
those feelings of reciprocal sympathy, which 
will tend to bind these Anglo-Saxon communl- 
ties in Australia still more closely to each 
other, and to unite them in the advancement 
of the glorions mission of their race—the 
mission of peaceful commerce and human 
progress.’”” 
——+e+—__. 
ENGINEERING STRUCTURES. 


ae CHANNEL TUNNEL.—The reports sub- 
mitted in June lasi to the ‘‘ Association 
du Chemin de Fer Sous-Marin” have been 
published in excellent style. 

We are indebted to the courtesy of M. 
Michel Chevalier for a copy of this recent 
publication. 

The report gives details of the work of the 
surveys during 1876. These were, Ist, a 
thorough examination of the strata of rock 
upon both shores of the channel. This, of 
course, included a considerable width of land 
on either side. 

2d. Examining the bottom of the channel by 
numerous soundings, so that its exact contour 
is known, together with the character of the 
bed. 

3d. A boring to the depth of 130 metres at 
Sangatte, on the French side of the channel. 
This boring extends to about 20 metres below 


an important clay stratum which underlies the | 


true chalk of this region. Being impermeable 
to water it afore a guaranty against irruptions 
of sea water in tunneling operations below it. 

These three departments of exploration have 
been worked with much vigor, and the results 
are regarded as highly satisfactory. 

The report testifies abundantly to the care 
and skill brought to bear upon these different 
surveys. Colored maps are made to exhibit, by 
tints and figures, the difference of stratified 
deposits and their thickness. The numerous 
soundings of the ‘‘Straits” are carefully re- 
duced to the same phase of the tide. 

The examinations resulted in indicating a 
regular succession of cretaceous strata quite 
continuous across the Straits, and maintaining 
a parallelism quite remarkable. In fact, the 
theory of a quiet and slow subsidence of what | 
is now the bottom of the channel, is well sus- | 
tained by these careful surveys. 


The characters of the successive strata of | 


chalk are therefore well known by previous 
acquaintance with them near their outcrop. 
The important 
water exhibited in different degree by different | 
beds of chalk, is, therefore, satisfactorily set- 
tled. 

The further progress of this magnificent 
enterprise will be watched with great interest. | 
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‘HE Baltimore Gazette says:—Few people 

know how great an engineering enterprise 
is going on in Baltimore county. For one 
thing alone, a tunnel, six miles and four-fifths 
long—36,510 feet—is being built underground, 
for over four-fifths the distance through hard 
| gneiss and granite. It will be the longest tun- 
nel in the country, and there will be only two 
larger in the world, the Mont Cenis, which is 
eight miles in length, and the St. Gothard 
now in progress of construction, and which is 
to be nine miles and a-quarter. The fact that 
the water supply tunnel lies near enough to 
the surface to allow of numerous shafts, 
greatly facilitates its construction. The tunnel 
is a circle, 12 feet in diameter, and extends 
from the Gunpowder River, about eight miles 
'from the city, to Lake Montebello, the dis 


| tributing reservoir, near the Hartford turnpike, 


|about a mile and a-half from this city, the 
direction being 26 deg. west of south. This 
tunnel will conduct the water from the Gun 
powder River to Lake Montebello; thence a 
| conduit 4120 feet long, known as the Clifton 
| Tunnel—from the fact that it passes under a 
|portion of the Clifton Park—conducts the 
| water to a point just south of the Hartford 
|road, where it enters six mains, each four feet 
in diameter, which conveys the water to the 
city, a distance of 1900 feet. The country 
along the line of the works is hilly, and the 
tunnel varies in depth below the surface from 
67 feet to 353 feet. There are fifteen shafts in 
the main tunnel], the deepest extending 294 
feet below the surface. The water rains down 
the crevices of the rocks, and pours along the 
-tottom of the drift. Gangs of men, each with 
his miner’s lamp attached to his hat, are hard 
at work, picking and delving in the flinty 
bowels of the earth, and the monotonous clang 
of the hammer upon the drill is constantly 
heard, except when everything is in readiness 
for firing a mine, when all retire to a safe dis 
tance, and thunderous reports roll through the 
rocky corridors. The work of the tunneling 
is all done by hand, it being cheaper than the 
machine-work in a drift of such narrow dia 


| meter. 


H 


YDRAULIC MACHINERY FOR BortNG Rock.— 

In connection with the boring or working 
of rock some improved hydraulic machinery 
has been invented by Mr. Alfred Brandt, of 
Hamburg, who proposes to use hydraulic 
power for pressing a toothed steel boring tube 
into the rock, and for simultaneously rotating 
the said tool. The waste water passing from 
the engine is used for keeping the cutting 
edges of the boring toc] constantly cool, and 
for removing the abrading material resulting 
from the boring. A firm abutment for the 
boring engine is formed by a hydraulic press 
consisting of a hydrrulic cylinder and piston 
forced by hydraulic pressure against the sides 
of the rock or other material. The ‘boring 
tool is formed of a slightly conical tube of 
steel, provided at its cutting end with teeth 
which perform the boring operation and are 
hardened for this purpose. Inthe other end 
of this boring tool a screw thread is cut which 
serves for connecting the said tool with a tube 
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forming the hollow boring rod. The entire | 
boring rod is composed of @ number of such 
tubes fitted together by bayonet joints. Each 
tube is of about the length to which the boring 
engine works. 


bored, and one great advantage of the inven- 
tion is that the depth may be almost unlimited, 
as the boring rod has only to resist torsional 
strain, and can, therefore, be made of great 
length. By means of a movable cylinder 
working on a fixed piston the pressure against 
the boring rod is effected ; 
der moves towards the rock when water under 
pressure is admitted into it, and returns when 
the water is allowed to escape. The fixed pis- 
ton is screwed to the cylinder of a hydrauiic 
press, forming a most ‘firm and solid stand ; 
this hydraulic stand must be regarded as a sub- 
stantial part of these improvements, as without 
it there would be much difficulty in obtaining 
a suitable abutment. The rotation of the 
boring tool is effected by a very simple ar- 
rangement. On two guide pieces are arranged 
two hydraulic engines coupled together and 
serving to rotate a shaft which by suitable 
gearing communicates its motion to the pressure 
cylinder. The water under pressure is con- 
ducted to the machinery by three pipes. The 
largest of these pipes is composed of pieces 
provided with joints and ends in a valve sup- 
plying the two hydraulic engines with the 
requisites motive fluid; another pipe entering 
into the fixed piston supplies the water re quis- 
ite for moving the pressure cylinder to and 
fro ; the third | pipe conducts into the stand the 
water requisite for forcing out the pressure 
piston. ‘These three pipes branch out of a 
single pipe near the boring machinery. The 
waste water from the hydraulic engines takes 
its way through short pipes leading into the 
hollow piston through a tube, and then through 
the hollow boring rod, escaping finally through 
the crumbled core and the interstices of the 
cutting edge or the boring tool, thus constantly 
carrying off the abraded material. The ma- 
chine may be calculated to be used with an 
average water pressure of fifty atmospheres, 
and the borer may make ten rotations per min- 
ute ; but these particulars may be varied with- 
out departing from the substance of the inven- 
tion. 


- sWAY BRIDGE OVER THE River Tay.— 
About six years the North British 
Railway Company found that the increase of 
traffic on their line rendered the ferries over 
the Friths of Forth and Tay not only insuf- 
ficient, but likewise a cause of pecuniary loss. 
A bridge over the Frith of Forth was pro 
jected, approved by Parliament, and actually 
commenced, but, the difficulties being insur- 
mountable, the scheme was abandoned. 
Another bridge over the Frith of Forth, un 
rivalled for novelty of design and for scientific 
excellence, has since been carried through 
Parliament by the North British Railway Com- 
pany. The bridge over the estuary of the river 
Tay, commenced in 1871, has just been com- 
pleted. 
miles wide. 


ugo 


It forms a constituent portion of 


The number of tubes to be| 
used depends upon the depth of the hole to be | 


this pressure cylin- | 


It spans a part of the river nearly two | 


a new branch railway from Leuchars, on the 
Fife line, to Dundee. Mr. Thomas Bouch, the 
engineer who designed the bridges over the 


mony and Beulah gorges in Westmoreland, 


was the designer of the Tay bridge. Messrs. 
Charles De Bergue and Co., of Strangeways, 
Manchester, w ho obtained the contract in May, 


| 1871, were represented by Messrs. Austin and 


The original design comprised eighty- 
nine spans, of varying lengths—48 on the Dun 
dee side of the centre, viz., 6 of 28 feet, 25 of 
66 feet, 16 of 120 feet, and 1 of 160 feet; and 
41 on the Fife side, viz., 3 of 60 feet, 2 of 80 
feet, 22 of 120 feet, and 14 of 200 feet. In the 
course ‘of construction it became necessary to 
make many changes in the arrangement. Al 
terations were made in the plan, and modes of 
erection were changed. The foundation stone 
of the land abutment on the Fife side was laid. 
Several difficulties intervened, and six of the 
workmen lost their lives by the bursting of ont 
of the cylinders in the process of sinking, in 
August, 1873. The progress of the work, as a 
whole, was in some degree arrested by the 
death of Mr. Charles de Bergue, when it be- 
came necessary to make new arrangements for 
the completion of the undertaking. The work 
was taken in hand by Messrs. Hopkins, Gilkes 
and Company, in July, 1874. On a careful 
reconsideration of the extent of work remain- 
ing to be executed, and the time which it must 
necessarily take if carried out as originally in- 
tended, it was judged expedient to widen the 
centre spans, to adopt single large caissons, in 
stead of two to each pier, and to make other 
important changes, with the view of adding to 
the strength of the work, and shortening the 
time still to be employed in completing the 
bridge. The revised pli an, instead of 89 spans, 
gave 84, namely, 6 of 27 feet, 14 of 67 feet 6 
inches ; 14 of 7U feet 6 inches ; 2 of 88 feet ; 21 
of 129 feet 6 inches; 138 of 146 feet; 1 of 162 
feet ; 1 of 170 (bowstring girder), and 13 of 245 
feet. Of the piers, 14, on the Fife coast, in 
accordance with the original design, were built 
of brick, set in cement, the foundations being 
produced by sunk cylinders filled with con 
crete. The rest were constructed of combined 
cast and wrought iron, of various strength, and 
composed of varying numbers of columns, ac 
cording to the place they take in the structure, 
and the work they have to do. The largest 
girders rise to a height of 88 feet above high 
watcr ithe Tay, the line of rails being on a 
rising gradient trom the Dundee end of about 
1 in 73. The girders are of the lattice construc 
tion with double triangulation, and trough 
booms at top and bottom, from 15 to 24 inches 
in width, according to the span, a vertical tic 
being fixed from the top boom to the crossing 
of the struts and tees, at every alternate cross- 
ing. The depth of the girders is one-eighth of 
the span, a proportion adopted by Mr. Bouch 
and Mr. A, D. Stewart, C.E., as the result of 
many experiments, and as giving the greatest 
strength with the least material. The cross- 
girders are of pitch pine, 12 inches by 9 inches, 
the rails being carried on longitudinal beams, 
17 inches by 7 inches, and the whole planked 
with 3-inch Memel, covered with asphalte, as a 
protection from weather, and from the ashes 
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falling from the locomotives. Two light hand- 
rails of 24 inches (inside) gas-tube run the 
whole length of the bridge, carried by metal 
stancheons. These tubes are intended to con- 
vey, one water and the other gas, from one side 
of the Tay to the other. Over the space occu- 
pied by the thirteen large spans of 245 feet, 
which are placed over the navigable part of the 
river, the engines and trains are to run between 
the girde rs, the rail platform resting on the 
bottom booms; as to the other spans, the trains 
are to run on platforms fixed on the upper 
booms. By this arrangement the cost will be 
less, and the gradient will not be unequal. 
The girders are continuous in of four, 
with sliding beds on those at each end of each 
set. 

In the construction of this remarkable 
bridge, some novel appliances and expedients 
have been employed. The sand pumps drew 
the sand through the centre of the caissons 
with great rapidity and ease, the caissons sink- 
ing by their own weight the sand was 
removed. By the process the sand which was 
taken out of the river inside the pier was re- 
turned to the river outside the pier. Enlarged 
sand-pumps were applied successfully in sink- 
ing the large $1-feet caissons which form the 
foundations for the piers of spans, 


so 


sets 


as 


the la 
The general dimensions of the land-pumps are: 
Diameter of cylinder, 7 inches; stroke, 12 
inches; diameter of air-cylinder, 12 inches ; 
stroke, 12 inches; steam, 50 lbs. Each tank 
holds 50 cubic feet; and from one to three 
minutes, according to the depth, are required 
to fill one tank. The building, floating and 
sinking of caissons of so large a diameter as 
thirty one feet was a matter of no ordinary dit 
ficulty, and required the most careful ¢ vale ula- 
tions, and special machinery of an original, 
although simple character, and the conditions 
of time, tide, and weather had to be taken into 
account, especially in respect of the sinking 
operations. In the construction of the piers, 
and in the placing and raising of the large gir- 
ders, there were new applications of old ideas 
and of mechanical and natural forces. Exten- 
sive use was made of divers in the progress of 
the work. Four steamers were always in use, 
besides barges of all sizes, and a flect of small 
boats, requiring a constant staff of boatbuilders 
for necessary repairs. Light was obtained 
during the dark evenings and nights 
winter of 1876 from two of Gramme’s electro- 
magnetic machines, which were fixed in a 
building close to the foundry engine and driven 
from it. The electric current so generated was 
conveyed through insulated wires to two of 
Serrin’s lamps, fixed in sentry-boxes on the top 
of the hill overlooking the works. Each lamp 
gave the light of 1,000 candles. 
ape - 


ORDNANCE AND NAVAL. 


rege 


bts more of the 100-ton “er in course of 


mauufacture by Sir. W. Armstrong & 


Co., for the Italian Navy 
castle on-Tyne, and await shipment on board 
the Europa. 
from Spezia in the course of the present | 


of the} 


| the old cast-iron and gun-metal cannon. 


have ‘just been com- | 
pleted at the Elswick Ordnance W orks, New-| 


The vessel is expected to arrive | 


month, bringing back the first 100-ton gun, 
which has given the highest satisfaction to the 
Italian Government, and is now to be returned 
to Elswick for the purpose of being cham- 
bered and having its bore enlarged. The two 
100-ton guns about to be conveyed from the 
Tyne to Spezia are considered capable of pro- 
ducing much better results than those exhibited 
by the first of these monsters, some important 
modifications having been introduced in these 
later specimens. These guns have a calibre of 
17? in. and a powder chamber of 193 in. The 
highest charge of powder fired from the first 
100-ton gun was 397 lbs. ,the projectile weighing 
2,0001bs. The Italian authorities will probably 
fire the new guns with a charge of 470 Ibs., and 
the projectile may be expected to weigh 2,280 
lbs., or a little more than a ton. The highest 
charge yet fired from the 80-ton Fraser gun is 
425 lbs., with a projectile of 1700 lbs, the bore 
of the piece being 16 in. and the powder 
chamber having a diameter of 18 in. In ref- 
erence to the guns about to be conveyed to 
Spezia, it should be stated that they will be 
accompanied by the hydraulic carriages and 
gear devi by Mr. George Rendel, of the 
Elswick firm. It will be remembered that the 
Italian Government =, eight of these 
great guns, The experimental gun, when al- 
tered, will form one of the eight. Thus five 
remain to complete the these are i 
of manufacture, together with 
and gear 


sed 


1 
] 
set, and in 
various stages 
their carriages 


|) XPERIMENTS WITH LERY MADE FROM 
14 SreeL wirnour Briows.—At sana we: 
meeting of the Institute I exhibited several 8 
and 10 inch shells, made out of steel wit ‘he ut 
blows, which had been simply cast, tempered 
and reheated. These had penetrated armor- 
plate of a thickness equivalent to their diame 
ter at an angle of These remarkable re- 
sults were obtained not only in France, but 
also by the Italian and Russian navies. In 
such oblique firing the work of perforation 
becomes complex. The first action on con- 
tact is one of compression ; this is followed 
by a certain amount of flexion, which tends to 
bring the projectile to a position perpendicular 
to the plate at the po int of least thickness; at 
last after penetration of the conical head, 
comes the friction of the cylindrical portion 
against the rough edges of the hole, which 
tends to elongate the shell longitudinally. 
Such a metal resisting both tension and com- 
pression against instantaneous deformation is 
remarkable. We then confidently expressed a 
hope that the time was nigh when artillery 
would be made from steel without blows as 
powerful as from the best forged steel, and 
not much more difficult to manufacture than 
This 
result has now been obtained, the first experi- 
ment having been tried on the 17th August 
last. in one of the French Government arsenals. 

On whatever basis we study the resistance of 
elastic tubes, it is easy to see that the portion 
of a cannon made in one piece which suffers 
the most must be that portion wherein defla- 
gration of the powder occurs. This action 
decre ases rapidly, so that in certain cases the 
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| 
doubling of the thickness of metal does not} 
increase the resistance by more than 10 to i9 
per cent. In order to overcome this inequality 
of molecular work in heavy ordnance, it is 
well-known that a succession of concentrical 
envelopes has been employed, applied in close 
contact to one another and compressing the 
central portion in a permavent manner. 
When the powder is exploded this compres- 
sion, which decreases from inside out, must be 
overcome, after which the metal acts only by 
traction in a regular manner, from the centre 
to the periphery. The French heavy artillery 
is based on this principle, and is formed ol 
three elements: (1) the central tube which has 
most duty to support and is made from ham- 
mered cast steel; (2) the body which is cast 
iron, although better material be 
found ; (3} the fretes in puddled steel, which 
produce the ired compression 

The most severe test, which the steel without 

blows could be made to resist, was by employ- 
ing it in tie f a simple tube. Such a 
ene was Cust Terrenoire of a diameter of 8 
inches, bored hole 5 inches diameter, 
as to leave only 14 inch of metal on the out- 
side. Nothing was done besides a tempering 
and reheating, after which it was grooved and 
a screw head adopted to carry the breech. 
Before proceeding to the conclusive experi 
ments, s¢ the metal cut perpen 


dicularly to tube were tested 
with the foll 


a mit 


shape oO 
cal 
b so 


va 


veral pieces of 
the axi 
wing results: 


At the bac 


s< 


In front... : 


Several pieces 14 inch square and 6 inches 
long were next submitted to the shock of a 
ball weighing 40 Ibs., and allowed to fall from 
increasing heights. The supports were 5 
inches apart, and rested on an anvil weighing 
1800 lbs. These pieces resisied well, and one 
of them did not break when the ball fell from 
8 feet in height, which gave it a bend in center 
of about 1 inch. The French Government 
have imposed for the trials of all steel tubes 
destined for the navy:—Limit of elasticity, 21 
tons; and charge of rupture, 38 ions per square 
inch. 

It will be séen from the above that the tul 
in steel without blows answered more 
the requirements. For the experiments with 
powder the tube was mounted on a portable 
carriage. after having been placed in a suitable 
collar. 

Twenty shots were first fired with the ordi- 
nary war charge of 9 los. of powder and tie 
40 lbs. shell; atter this 10 shots with a shell 
weiging 47 lbs., and from this time forward 
the charge of powder was successively in- 
creaged by } of a lb. every ten shots, the shell | 
remaining identical, until the 100th shot was 
fired. At this point the chamber was quite 
full, and the charge had to be rammed in order 
to get it into place, and much difficulty was 
found in closing the gun. The experiment 


e 
than 


was stopped at this point as the official regula- 
tion test had been accomplished. After each 
10 shots, the tube was washed out with care 
and measured by means of precise instruments 
in every portion of its course. No fissure of 
any kind was disecvered, and the deformation 
of the chamber was found to be less than half 
of the average in forged steel tubes. Other 
tubes will be submitted to trial very shortly, 
two of which will have an internal diameter of 
finchesonly. One has been cast of 13} inches 
outside diameter for a gun the body of which 
in cast steel is to weigh 19 tons. As the cen- 
tral tube is the more delicate portion of the 
cannon, [ have little doubt of success in manu- 
facturing the body also in steel without blows, 
and that we will soon turn out, with very 
limited means of manipulation, artillery cast- 
ings weighing 20 tons each. Experience will 
soon teach us if we are right in this matter. 

The remarkable results of those first experi- 
ments show, if nothing else, that we have had 
to deal with a metal possessing very interesting 
and valuable properties, well worthy the atten- 
tion of engineers, 

———- +e -- — 
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w™ PROCEEDINGS OF THE INSTITU- 
} TION Civin EN ers. London: 
Printed by William Clowes & Sons. 

We have received through the kindness of 

Far Forrest, Secretary of the ubove 

Insiitution, the following late publications: 

Tuk Mar Roans or Sourm AvusrRALIA. 
By Citas. TownsnEeND Howe, A.1.C.E. 

Also Founpations. By JuLes GAUDARD, 
Crvin ENGINEER. 

The laiter, which is quite fully illustrated, we 
shall republish in this Magazine nearly in full. 


4 GUID! 


res OF 


OF iINI 


rO THE UETERMINATION OF ROCKS: 
‘~ Being an Introduction to Lithology. By 
EpwarpD JANNETTAZ. Translated from the 
French by George W. Plympton, A. M. New 
York: D. Van Nostrand. Price $1.50. 

The study of rocks is assuming an import- 
ince in this country not appreciated till quite 
recently. A course of Geology, as pursued in 
the t schools, incomplete without 
some knowledge of the classification of Rocks 
adopted in Kurope. 

This little work of Jannetiaz aims to supply 
the student with a systematic method of de- 
termining rocks, by means quite familiar to 
any worker with the blowpipe. So far as we 
know itis the only work ia the English lan 
runge which covers similar ground. 


ENGINEERING: A Guide to the 
of Works of Sewage and 
By BaLtpwin Lataam, C.E 
Chicago: George H. Frost. For sale by D. 
Van Nostrand. Price $3.00. 

This excellent work first appeared in London 
in 1873. The edition was exhausted, although 
the demand continued as brisk as ever. 

This reprint is a copy of the original work 
and is now the only treatise in English that 


echnical is 


by 


LIANITARY 
n Construction 
House Drainage. 


| enters into all the details of sewage and house 
drainage. 
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ABLE MAKING FOR SUSPENSION BRIDGES. 
By WriLHEeLM HILDENBRAND C.E. New 
York: D. Van Nostrand, Price 50 cts. 
This is No. 32 of the Science Series, and 
has already appeared in full in this Magazine. 


This little volume contains a rare amount of | 


technical science in small space. 


HE WorksHop.—Nos. 10 and 11. New 
York: E. Steiger. 
This periodical is for the designer in wood 
or metal. 


The illustrations are of the highest artistic 


merit, and exhibit the best style of execution. | 


Each number contains eight large plates. 


MetHop oF LEAST 
MERRIMAN, 
For sale 


— OF THE 

4 Squares. By MANSFIELD 
Pu. D. London: Macmillan & Co. 
fly D. Van Nostrand. Price $2.50. 

This elegant little treatise will be welcomed 
by many students who have felt the need of a 
better knowledge of this important principle, 
and of the proper limits of its application. 

It is written for learners and not for mathe- 
matical experts, and will prove of wider bene- 
fit than former treatises on the same subject. 
We recommend the work to the favorable 
notice of Engineers for whom it was in great 
measure prepared. 

Report of a 


London: Wm. 
Nostrand. 


ULPHUR CoMPOUNDS IN GaAs. 
tO Parliamentary Committee. 
B. King. For sale by D. Van 
Price $2.50 

This is a technical work, of interest chiefly 
to Gas Engimeers. It is a report of the Pro- 
ceedings before a Committee of the House of 
Commons, on the Crystal Palace District Gas 
and The Gaslight and Coke Company’s Bills. 

The discussion is upon the proper degree of 
purification of gas from sulphur, with proper 
regard to the comfort of residents of the 
neighborhood of the works, and on the other 
hand the comfort of the consumers. 


AILWAY REVENUE AND ITS COLLECTION. 

By MarsHauut M. KinkMan. New York: 

Railroad Gazette. For sale by D. Van Nos- 
trand. Price $2.50. 

In the preface to this work the author says 
that under asystem similar in many respects 
to that elucidated in this book, he has col- 
lected one hundred and fifty millions of dollars 
of railway receipts, without the loss of a dollar 
through dishonesty, although the money passed 
through the hands of some four hundred 
agents. 

The book details the duties of railway offi- 
cials and their agents, and sufficiently explains 
the necessity for a carefully elaborate system, 


AILLAIRGE’S STEREOMETRICAL TABLEAU: A 
New System of Measuring all Bodies, 


Segments, Frusta, and Ungulae of such bodies | 


by one and the same rule. 
LAIRGE. Architect and Engineer. 
Darveau. 

Those who are desirous of knowing the 
number of applications of which the well- 
known Prismoidal Formula is capable, should 
study this work. For the use of teachers, a 


By Cus. Baltt- 
Quebec: C. 


| 
| 


| Set of models is prepared, so that the instruc- 
| tion in Mensuration is made practical. 

The Key to this Stereometrical Tableau, of 
which we have before us copies in English and 
French, begins with the measurement of sur- 
faces, and then proceeds to the treatment of 
solids of many kinds, including a large list of 
volumes bounded by curved surfaces. 

The author has received many flattering 
notices from widely different sources, and 
several gold medals. 


7 ELEMENTS OF MECHANISM DESIGNED 
FOR STUDENTS OF APPLIED MECHANICS. 
By T. M. Goopreve, M. A. Lecturer on Ap- 
plied Mechanics at the Royal School of Mines, 
and formerly Professor of Natural Philosophy 
in King’s College, London. Second Edition. 
London, 1871. 
Price $1.50. 
PRINCIPLES OF MeEcuanics. By T. M. 
GoopEVE, M. A., Barrister at Law, Lecturer 
on Applied Mechanics at the Royal School of 
Mines. Second Edition. London 1876. For 
sale by D. Van Nostrand. Price $1.50. 
Perhaps there was a time when a mass of 
facts thrown together without order, and illus 
trated by a few wood cuts, was accepted as 2 
text-book. We hope we do not puff ourselves 
up when we say that that time has passed. At 
the present day the logical arrangement of a 
book is fully as much considered as the 
material which it contains, and any work that 
does not stand examination on both of these 
points is discarded as unnccessary, indigestib]: 
or worthless mental food. A book which is 
founded on mathematics ought, above al 
others, to be logically deduced from definitions 
and principles clearly stated in the beginning. 
In the two books under consideration w« 
find many faults, a few of which we will men- 
tion, although the title of the first in a measure 
disarms us. If the author has confined his 
}attention to the Elements of Mechanics, we 
can hardly expect more of him than simplicity 
and perspicuity. It would be reasonable to 
expect to find somewhere early in the book a 
description of the elements of all mechanism, 
the lever and the inclined plane, but these ere 
not contained in the first book. The author 
rather—boldly dashing off an incoherent state 
ment of what he intends to do—begins his 
work by talking of wheel-gearing. Then, by 
the magic which a gentleman of such varied 
accomplishments must possess, he changes 
through ‘‘straps and bands” to the “‘ screw.” 
In the next chapter we find, under the heading 
‘« The conver-ion of circular into reciprocating 
motion,” a discussion of ‘* Stanhope’s Levers,” 
and many descriptions of Reversing Motion. 
| And we may note that the author in several 
places (pages 20, 21, and 183) has endeavored 
to prove simple principles of mechanics in 
simple ways, and failing, has taken refuge in a 
| foot=note where he has used the Calculus. 
Then again, it seems rather out of taste to 
| introduce definitions and deductions from the 
| ‘* Principles ” in this connection ; surely New 
|ton’s ideas and words are worthy of a better 
| setting. On pages 106 and 107 we find a few 
representations of all the faults which ever 


For sale by D. Van Nostrand. 
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exist in text books. We have there unneces- 
sary mathematical work which is certainly 
beyond the scope of one who would study the 
elements of mechanism ; we have blind defini- 
tions, a thorough understanding of which pre- 


miners flocked thither, and by degrees extend- 
ed the workings over the entire island. The 
most prosperous season was between 1770 and 
1775, when about 3800 tons of metal were 
annually produced. Subsequently the produc 


supposes some knowledge of the Principia ; | tion fell off very much, but has lately increased 


and we have an error in a mathematical ex- | again. 


pression. 


that we find the most to condemn. We can 
not deny that the author has described many 
new and late inventions, and, from this fact, 
his book may possess a value. In the place 
which it was made to occupy, we think it is 
worse than worthless. 

In an introduction of sixty pages we find an 
account of the labors of Poisson and Adams 
on the acceleration of the moon, a popular ex- 
position of the conservation of energy, some 
remarks on the ventilation of coal mines and 


tunnels, and an explanation of Siemens Steam | 


Jet. Throughout this chapter the ‘‘ Law of 
gravity” is considered as a thing which can be 
reversed (p. 54) and contradicted (p. 55) ; 
although on page 3 the author states most 
emphatically that ‘‘no truth in science can be 
deemed to rest upon more sure foundation.” 
And g, that ever troublesome g, is at last 
quieted ; for we are told on page 57 that ‘‘it is 
usual to take g as 32 when the answer works 
out easily by so doing.” 
whether the author has not as arbitrarily de- 
fined inertia as he has disposed of g ; for he 
tells us that when a shot penetrates water there 
is no resistance from inertia of the water, but 


The entire product, however, of both 


|the Malay Peninsula and the islands was not, 
It is, however, in the second of these works | in 1848, as large as the amount formerly derived 


It is a question | 


when the shot rebounds from the water the | 


inertia is ‘‘ palpable enough.” He gives in 
many places new and interestiong ideas on 


ballistics ; for example, we are told (p. 44) | 


that a solid shot ranges further than a shell of 
the same dimensions, because it is retained 
longer in the bore of the gun; and, on page 
306, we are told that the length of a projectile 


should not be less than three times its diam- | 


eter, 
The author fails to define the difference be- 
tween the ‘‘ center of parallel forces” and the 


from Banca alone. The process of mining is 
very simple, and the ore is found intermixed 
with yellowish sand, or in fragments of felspar 
and quartz, resulting from the decomposition 
of granite. The smelting is effected on the 
spot, with charcoal, in rude furnaces; the bel- 
lows employed being the hollow trunk of a 
tree, in which a piston 1s worked backward and 
forward ; 80 to 90 picules being produced in a 
night’s work ; and, from the good quality of 
the ore, no refining is needed. The Australian 
tin deposits, discovered to be workable only in 
1870, have increased so largely in productive 
ness that, up to the end of 1874, ore worth 
4,300,000 dols. had been obtained in New 
South Wales (the exports from that colony, in 
1874, amounted to $2,400,000), while the area 
of tin-bearing land, in the same colony, was 
estimated at 6250 square miles, and in Queens 
land at 22,000 acres. The tin ore of New 
South Wales is partly from veins in granite, 
but mainly from washings. Some of the speci 
mens of stream tin at the Centennial Exposition 
were almost unsurpassed in size and beauty 
Queensland is stated to have produced, for 
some years after 1872, about 5000 tons an 
nually. 


Pe ope 7 se ELECTRIC CANDLE. A descrip 
J tion of the apparatus which bears the abov: 
name appeared in our number for November 
25th of last year. Since then repeated experi 
ments have been made with it, confirmatory 
on the whole, of the good reputation it had 
already achieved. The first practical trial of 
this system was made a fortnight ago at the 


| Magasins du Louvre. The Marengo Hall was 
| the apartment lighted, and six electric candles 


point of application of the resultant of these | 


forces, although one is a single point and the 
other is any point in the line of direction of 
the resultant. These are a few of the many 
faults of the book, which the attentive student 
can not fail to notice. The great failing of 
this book is the chaotic confusion of subjects 
and ideas. Watts’ governor we find described 
on page 297 and discussed on page 260. 
Whitworth’s true plane is described on page 
145 and again on page 309. Throughout we 
can only notice that lack of logical arrange- 


ment which has done much to make Willis’ | 


Principles of Mechanism a classic work. We 


think it is time that Oliver Evans should be | 


credited with the invention of what Mr. Good- 
eve calls Seaward’s parallel motion.—Jmperia/ 
College, Tokio, Japan. 
—— 0 EDe —— 
MISCELLANEOUS, 
or tin deposits of Banca were first worked 
from 1700 to 1720, but with small produc- 





were sufficient to shed around a very bright 
light, softened by opal glass globes. Some idea 
ot the comparative value of gas and the electric 
light may be formed when we state that the 
Marengo Hall is ordinarily illuminated by 
means of 100 argand gas burners of the largest 
size. Thecause of the wide difference between 
this and other electric lights lies in the fact 
that electricity plays, so to speak, only a second- 
ary part in producing the light. The light is prin 
cipally the result of the combustion of the 
refracting material which occupies in_ the 
electric candle the same position as does wax 
or tallow in ordinary candles. The electric 
candle, as originally designed by M. Jabloch- 
koff, consisted of what may be termed a 
double wick and a surrounding matérial. The 
wick consisted of two carbon points, about 4 
inches long, embedded parallel to each other in 
an insulating substance, by which also they 
were separated from each other. This material, 
which was consumed as well as the double wick, 
was composed of several ingredients, forming a 


tion. After that period numerous Chinese! combination known only to the inventor 
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Each of the carbon points terminated at the 
bottom in a small metal tube into which the 
conducting wires were led. The next develop- 
ment of the electric candle by M. Jablochkoff 
was to denude it of its outer casing, leaving 
merely the double wick with a strip of the in- 
sulating compound between the carbon points, 
which terminated at the bottom in metallic 
tubes, as before. It was with the electric 
candle in this form that the hall at the Magasins 
du Louvre was illuminated, as previously 
stated. In either case only one electrical ma- 
chine is needed to produce a number of lights. 
The positive and negative wires are led from 
the machine, and branch wires are simply con- 
ducted from them at the necessary points to 
the candles. In this way M. Jablochkoff suc- 
ceeded in getting as many as eight candles to 
burn at the same time in the circuit of a single 
machine of the ordinary kind, with alternating 
currents. 

Arrangements are being made in England to 
light up one of the East and West India Dock 
Company’s docks in London upon M. Jabloch- 
koff's system. Experiments were to have been 
primarily made in order to test it, but since the 
exibition of the electric candle at the Louvre 
M. Jablochkoff has still further improved his 
system, so that the experiments have been 
postponed for the completion of the details of 
the improvement. In the new form of candle 
the inventor dispenses with the carbon poiats 
which constituted the wick, and uses only the 
outer surrounding material answering to the 
tallow ofanordinary candle. We have already 
seen that this material, which consists in large 
part of kaolin, consumes at the same rate as the 
carbon points. From this material alone M 
Jablochkoff now produces results superior in 
many respects to those which he previously 
obtained. One point of superiority consists in 
the fact that he 1s now enabled to produce as 
many as fifty constant and uniform lights from 
a single machine of the ordinary kind. In 
short, M. Jablochkoff appears to have satisfac- 
torily solved the question of dividing up the 
electric light by a method capable of practical 
application, of insuring perfect steadiness in 
the light so divided, and of distributing through- 
out a building lights of varying degrees of 
intensity.—Journa! of the Socisty of Arts. 


N a paper recently read before the Ashmolean 
Society, Mr. W. H. White, C.E., engineer 

to the Oxford Local Board, has given the fol 
lowing particulars of the drainage of Oxford: 
The total length of new sewers and surface 
drains is 32? miles. Of this length 73? miles 
have been constructed of brick and twenty-five 
miles of stoneware pipes. The temporary 
pumping power supplied consists of a portable 
double clyinder engine of 14 nominal horse- 
power and a 12 inch centrifugal pump driven 
by a belt from fly-wheel of engine. Ata fair 
working speed of ninety revolutions of engine, 
2300 gallons of sewage are discharged per min- 
ute, and at present about a million and a-half 
are dealt with daily. The water supply of 
Oxford is about two millions per day—that is, 
sixty gallons per head of the entire population, 
and in very wet weather the 100 acres con- 
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tributing surface water to the sewers would 
yield about the same quantity. Therefore, 
if the present amount of water continued to be 
pumped into Oxford the ultimate wet weather 
flow would be something like four millions per 
day. He concluded by stating that 370 acres 
of land had been purchased at Sandford for an 
irrigation farm to connect which with the 
pumping station a rising main of cast iron 
pipes 13 mile long has lately been commenced. 
The sewage will have to be lifteda height of 57 
feet, and the engines will be from 56 to 60 horse 
power in duplicate. 


M 


a thin film of a sulphide. 


ETALS may be colored quickly and cheaply 
by forming on their surface a coating of 
In five minutes 


4 ° ° 
brass articles may be coated with any color, 


varying from gold to copper ted, then to car- 
mine, dark red, and from light aniline blue to 
a blue-white, like sulphide of lead, and at last 
a reddish white, according to the thickness of 
the coat, which depends on the length of time 
the metal remains in the solution used. The 
colors possess a very good lustre, and if the 
articles to be colored have been previously 
thoroughly cleaned by means of acids and 
alkalies, they adhere so firmly that they may 
be operated upon by the polishing steel. To 
prepare the solution, dissolve one half ounce 
of hyposu!phite of soda in one pound of waiter, 
and add one half ounce of acetate of lead dis- 
solved in half pound of water. When this 
clear solution is heated to from 190 deg. to 200 
deg. Fah., it decomposes slowly, and precipi- 
tates sulphide of lead in brown flakes. If 
metal be now present, a part of the sulphide of 
lead is deposited thereon, and, according to the 
thickness of the deposited sulphide of lead, the 
above colors are produced. To produce an 
even coloring, the articles must be evenly 
heated. Iron treated with this solution takes 
a steel-blue color; zinc, a brown color; in the 
case of copper objects, the first gold color does 
not appear; lead and zine are entirely indiffer- 
ent. If, instead of the acetate of lead, an 
equal weight of sulphuric acid is added to the 
hyposulphite of soda, and the process carried 
on as before, the brass is covered with a very 
beautiful red, which is followed by a green 
(which is not in the first scale of colors men- 
tioned above) and changes finally to a splendid 
brown with green and red iris glitter. This 
last is, according to the American Art-Journal, 
a very durable coating, and may find special 
attention in the manufactures, especially as 
some of the others are not very permanent. 
Very beautiful marble designs can be produced 
by using a lead solution, thickened with gum 
tragacanth on brass which has been heated to 
210 deg. Far., and is afterwards treated by the 
usual solution of sulphide of lead. The solu- 
tion may be used several times. 


ie first bogie engine ever made in Australia 
was recently erected in the Williamstown 


shops, for the Victoria Railways, under 
steam, and made a trial trip between Williams- 
town and Melbourne, running the distance in 
| very quick time. The engine was found to 
work quite up to the expectations formed. 














